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!4&#35’6-+7(5’.(%’.+’8*’)+,-./(%-.&()0&4&#35’9#0%&%"%-’8/(%-.&()0:-$2#’)’3+(#;

<#3&#--.&#3&=2&#-0->$(;-,+’8?$&-#$-0&4&#35’%#2!"#&=2&#("

"NGD546D’;<-0=*91/>,7?9*1A=-0?*=9*>7,->!;@.>"</6-V--+87U-1A/9917-U/>>,0P?,P0/1=/,-07/1>UP-,*,<-70

>P9-07*0=-?</+7?/190*9-0,7->/+U90*17:7?V->7U->,<-701*8?*>,>̂ T+,<-V/>7>*:,<-+/,P0-*:67>?*-1/>,7?7,A&,<-

U-:*0=/,7*+*:;@.>87117+-67,/V1A7+?0-/>-87,<,7=--],-+>7*+P+U-0/?*+>,/+,>,0->>̂ ;<7>9<-+*=-+*+7>?/11-U?0--9&

8<7?<7>:*11*8-UVA700-?*6-0/V1-U/=/K->>P?</>9-0=/+-+,U-:*0=/,7*+/+U:0/?,P0-̂ ;<P>&?0--9?/+>-07*P>1AU-?0-/>-

,<-UP0/V717,A*:;@.>/+U17=7,,<-70/9917?/,7*+>̂ ;<7>0-67-8U7>?P>>->,<-->>-+?-/+U=-?</+7>=*:?0--9*+;@.>7+

U-,/71̂ )*0-7=9*0,/+,1A&,<-7+:1P-+?7+K0P1->*:6/07*P>:/?,*0>&>P?</>,<-=*1-?P1/0>,0P?,P0-&:711-0>&>,0->>&/+U

,-=9-0/,P0-&/+U>**+&*+?0--9/+U90*9-0,7->*:;@.>/0-/+/1AY-U/+U>P==/07Y-Û [/>-U*+,<->-0P1->&,<-+-K/,76-

-::-?,*:?0--9?/+V-?*+,0*11-U0-/>*+/V1Â ;<7>0-67-8/1>*>PKK->,>/>P7,/V1-=-,<*U*1*KA:*0*V,/7+7+K;@.>87,<<7K<

?0--90->7>,/+?-?*+?7>-1Â ;<7>7>*:K0-/,,<-*0-,7?/1/+U90/?,7?/16/1P-,*:/V07?/,-=/,-07/1>87,<-]?-11-+,?*=90-<-+>76-

90*9-0,7->/+U/?<7-6-,<-/9917?/,7*+*:,<-=/+U,<-7090*UP?,>̂

O>ML15AG’;<-0=*91/>,7?9*1A=-0(.0--9(G711-0

#!C+,0*UP?,7*+

;<-0=*91/>,7?9*1A=-0?*=9*>7,->!;@.>&?*=9*>-UVA9*1A=-0=/,07]/+U:711-0>"&/>*+-‘7+U
*:7=9*0,/+,>,0P?,P0/1=/,-07/1>&/0-/9917-U87U-1A/0*P+U,<-8*01U)#*^H*8-6-0&?0--9*:;@.>7>
7+-67,/1V-UP-,*,<-70+/,P0-*:67>?*-1/>,7?7,A)!*^4>/0->P1,&>*=-700-?*6-0/V1-U/=/K->>P?</>

9-0=/+-+,U-:*0=/,7*+/+U:0/?,P0-/0-*:,-+/99-/0-U/??*0U7+K1Â
.0--90-:-0>,*/9<-+*=-+*+,</,U-:*0=/,7*+*:=/,-07/1>7+?0-/>->87,<,7=--],-+>7*+P+U-0/

>17K<,>,0->>&P>P/11AP+U-00**=,-=9-0/,P0-)%* Ĉ+,<7>90*?->>&,<-0->9*+>-,*>,0->>7>,<0*PK<
=*1-?P1/0&>,0P?,P0/1&/+U?*+:*0=/,7*+/1=*,7*+>̂ ;<P>&,<-=/,-07/1>,-+U,*U-:*0=,<0*PK<,<0--
>,/K->’,<-K-+-0/1-1/>,7?>,/K- !7==-U7/,-1A&?*=91-,-1A0-?*6-0/V1-U-:*0=/,7*+?/P>-UVA,<-
7+,0/=*1-?P1/0/1,-0/,7*+ *: V*+U 1-+K,< /+U /+K1-"(,<- 67>?*-1/>,7? >,/K- !,7=-NU-9-+U-+,
U-:*0=/,7*+&/0*P>-UVA,<--],-+>7*+/+U?07=9*:?</7+>-K=-+,>"(/+U,<-7+-1/>,7?>,/K-
!700-?*6-0/V1-/+U,7=-NU-9-+U-+,U-:*0=/,7*+&0-1/,-U,*,<->179*:,<-?</7+>=P,P/11A"̂

)/+A>,PU7-></6-V--+?/007-U*P,,*0-UP?-,<-+-K/,76--::-?,*:?0--9̂ G/?,*0>>P?</>,<-
>A+,<->7>=-,<*U&90*?->>7+K?*+U7,7*+>)(*&,<-/=V7-+,,-=9-0/,P0-/+U>,0->>8<-+?*=9*>7,->/0-
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/9917-U)2*&/+U,<-U7=-+>7*+>/+UU7>9-0>7*+*::711-0>)3*/0-?*+>7U-0-U,*V-0-1/,-U,*,<-?0--9*:
;@.>̂ ;<-K*/1*:,<7>0-67-87>,*>P==/07Y-,<-?0--9=-?</+7>=/+UP9U/,-U90*K0->>*:;@.>7+
U-,/71̂ X7,<,<-?1-/01AP+U-0>,/+U7+K*:?0--9&,<-+-K/,76--::-?,?/+V--]9-?,-U,*/6*7U/+U
/??*0U7+K1A,<-=-,<*U*1*KA,**V,/7+;@D>87,<<7K<?0--90->7>,/+?-?/+V-->,/V17><-Û

!!.0--9=-?</+7>=/+U7=9/?,:/?,*0>

;<-->>-+?-*:?0--97>,<-?*11/V*0/,76-0->9*+>->*:7+,-0+/1=*6-=-+,P+7,>,*>,0->>P+U-0
?-0,/7+?*+U7,7*+>̂ H*8-6-0&*+1A,<->179*:?</7+>?/P>->,<-700-?*6-0/V1-U-:*0=/,7*+̂ C:,<-
7+,-0=*1-?P1/07+,-0/?,7*+7>-+</+?-U&,<->179*:?</7+>8711V-0->,07?,-Û ;<-+&,<-;@.>?/+90->-+,
V-,,-0?0--90->7>,/+?-̂
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8P:!=D5B6DB5>1E)+<G
;<->,0P?,P0-*:;@.>?/+V-?1/>>7:7-U7+,* =*1-?P1/0>,0P?,P0-/+U/KK0-K/,->,0P?,P0-̂

)*1-?P1/0>,0P?,P0-?*+,/7+>,<-7+,-0/?,7*+*:=*1-?P1/0?</7+>/+U=*1-?P1/08-7K<,&-,?̂ C,</>V--+
90*6-U,</,=*1-?P1/08-7K<,</>/+7+:1P-+?-*+?0--9)$*^4KK0-K/,->,0P?,P0-7+?1PU->?0A>,/117+-
>,0P?,P0-&/=*09<*P>>,0P?,P0-&*07-+,/,7*+>,0P?,P0-&/+U,87+->,0P?,P0-&-,?)’* Ĝ*0;@.>&,<-A?/+
K-,V-,,-0?0--90->7>,/+?-VA-+</+?7+K,<-07K7U7,A*:?</7+>*0:*0=7+K>,0*+K1A7+,-0=*1-?P1/0
7+,-0/?,7*+V-,8--+?</7+>̂ ;<-:*0=-0?/+V-/?<7-6-UVA7+,0*UP?7+K>*=-07K7UK0*P9>&,<-1/,,-0?/+
V- 0->P1,-U :0*= 7+,-0=*1-?P1/0 <AU0*K-+ V*+U)&*&<AU0*9<*V7? />>*?7/,7*+>)#"*& =-,/1N17K/+U
7+,-0/?,7*+>)##*&7*+7?/>>*?7/,7*+>)#!*&-,?̂
!_#_#!)*1-?P1/0>,0P?,P0-!;<-0->P1,>*:/>,PUA*+V7*NV/>-U></9-=-=*0A9*1AP0-,</+->![7*N
Z)@D>")#%*?*+:70=-U,</,,<-[7*NZ)@D></6-<7K<?0A>,/117+7,AV-?/P>-*:,<-701*8U-+>7,A*:>7U-
?</7+>/+UK**U0-KP1/07,A*:,<-9*1A->,-0?</7+̂ ;<-0-:*0-&,<->179*:?</7+>?/+V-0-UP?-U/+U,<-
[7*NZ)@D>-]90->>8-1107K7U7,Â [->7U->&,<-</0U>-K=-+,?/+/?,/>,<-0-7+N:*0?7+K:711-0>&1-/U7+K
,*8-11?0--90->7>,/+?-̂ C+/UU7,7*+&8-</6-90*6-U,</,87,<,<-+*+N91/+/0>,0P?,P0-&,<-9*1A=-0
?/+*V,/7+<7K<-0></9-0-?*6-0/V717,A)#(* Ĉ,?/+V-/,,07VP,-U,*,<-07K7U7,A/+U,*PK<+->>*:,<-+*+N
91/+/0>,0P?,P0-̂ )*0-*6-0&87,</0*>7+NV/>-U?</7+-],-+U-0&,<-Z)@D>><*8-U8*+U-0:P1></9-
0-?*6-0A/,<7K<>,0/7+)#2* 4̂>/0->P1,&7+,0*UP?7+K>9-?7/1P+7,>,*:*0==*1-?P1/0>,0P?,P0->87,<<7K<
07K7U7,AV-+-:7,>?0--90->7>,/+?-̂
!_#_!!4KK0-K/,->,0P?,P0-!Z9-?7/1/KK0-K/,->,0P?,P0->?/+V-<-19:P1,*17=7,,<-=*,7*+>*:?</7+>
7+;@.>&1-/U7+K,*K**U?0--90->7>,/+?-̂

G*0?0A>,/117+-/+U>-=7?0A>,/117+-;@.>&,<-A</6-?0A>,/117+-9</>-/+U/=*09<*P>9</>-̂ ;<-
?0A>,/117+-9</>-91/A>/0*1-/>?0*>>N17+‘9*7+,̂ Z*7,<-19>?*=9*>7,->,*:*0=,<-/+/1*K*P>
?0*>>17+‘-U>,0P?,P0-/+U0->,07?,>,<- =*,7*+>*:9*1A=-0?</7+>̂ C+?0-/>7+K,<-?0A>,/117+7,A7>
/+/1*K*P>,*7+?0-/>7+K,<-+P=V-0>*:?0*>>N17+‘9*7+,>̂ ;<-0-VA&7,?/+7+?0-/>-,<-0->7>,/+?-,*
U-:*0=/,7*+/+U9-0:*0= 8-11>,7::+->>/+U?0--90->7>,/+?-̂ [->7U->&,<->=/11>7Y-U7>,07VP,7*+*:
?0A>,/1>/+U,<-9-0:-?,0-KP1/0?0A>,/117+-/00/A/1>*0->P1,7+K**U?0--90->7>,/+?-̂ ;<-?0A>,/117Y/,7*+
*:?*=9*>7,->7>=/7+1AU-,-0=7+-UVA,<-7+,-0+/10-KP1/07,A*:>,0P?,P0-̂ ;<-=*0-0-KP1/0>,0P?,P0-
:*0=>&,<-V-,,-0,<-?0A>,/117Y/,7*+?</0/?,-07>,7?>90*UP?->̂

O7::-0-+,=*1-?P1/0>,0P?,P0-7>/1>*-]<7V7,-U7+,<-?*=9*>7,-*:K0/9<-+-0-7+:*0?-UP1,0/N<7K<
=*1-?P1/08-7K<,9*1A-,<A1-+-!DH)X@I")#3* .̂*=9/07+K,<-90-N0-UP?,7*+=-,<*U!5N#"/+U,<-7+
>7,P=-,<*U!5N!"&,<-:*0=-01-/U>,*1->>6/07/,7*+7+?0A>,/1>7Y-/+U<7K<-0?0A>,/117+7,A&>*,<-
?*=9*>7,-</>V-,,-0+-,8*0‘>,0P?,P0-/+U?0--90->7>,/+?-(,<-1/,,-00->P1,>7+,<7++-0K0/9<-+-
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:1/‘->/+UV-,,-0U7>9-0>7*+&>*7,0->,07?,>,<-9*1A=-0?</7+>,**0K/+7Y-7+9/0,7?P1/0/00/+K-=-+,/+U
<7+U-0>,<-?0A>,/117Y/,7*+!G7K̂#"̂

G7KP0-#!Z?<-=/,7?*:90*9*>-U=*09<*1*KA:*0!/"9P0-DH)X@I:71=&!V"+/+*?*=9*>7,-:71=VA5N#&

/+U!?"+/+*?*=9*>7,-:71=VA5N!)#3*^

)*1-?P1/0*07-+,/,7*+?/+/1>*/::-?,?0--9&->9-?7/11A7+/=*09<*P>9</>-̂ 4>>,PUA)#$*><*8>&

?</7+*07-+,/,7*+7+/=*09<*P>9</>-7>0-/11A>,0*+K&V-?/P>-*:,<--::-?,76-1A7+,-0/?,V-,8--+
+/+*9/0,7?1->/+U,<-/=*09<*P>9</>-̂ .*=V7+7+K,<-0-/>*+>/V*6-&/17K+-U?</7+>7>,7-U,*V-/0
<7K<-01*/U/+U7+,-0=*1-?P1/00-9P1>7*+&>*,<->17U7+K*:9*1A=-0?</7+>7>8-110->,07?,-Û ;<->-/11
V07+KV-+-:7,,*V-,,-0?0--90->7>,/+?-̂

ZP90/=*1-?P1/0>,0P?,P0-7>/+*,<-0‘7+U*:+-,8*0‘>,0P?,P0-̂ C,?/+V-0-6-0>7V1AV0*‘-/+U
0-:*0=-U)#’* Ĝ*0>*=-;@.>&,<-A?/+:*0=>P90/=*1-?P1/0>,0P?,P0-7::711-0>?/+<-19,*?0-/,->,0*+K
7+,-0/?,7*+V-,8--+?</7+>̂ T+?-,<->P90/=*1-?P1/0>,0P?,P0-7>:*0=-U&,<-?0--90->7>,/+?-8711V-
7=90*6-Û
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G*0-]/=91-)#&*&<7K<NWP/17,A,7,/+/,-+/+*,PV->!;7J;"8-0-=7]-U87,<=*U7:7-U9*1A90*9A1-+-
!@@"",*V-?*=9/0-U87,<,<-/+/1*K*P>>A>,-=>:711-U87,<=7?0*N!=;7T!"/+U+/+*N!+;7T!"

9/0,7?1->̂ ;<-=*09<*1*KA*:,<-?*=9*>7,->87,<;7Q7+G7K̂!7+U7?/,->,</,;7J;8/>9-+-,0/,-UVA
,<-=/,07]&1-/U7+K,*:*0= >P90/=*1-?P1/0>,0P?,P0-̂ ;<->P90/=*1-?P1/0>,0P?,P0-:*0=-UVA
+P?1-/,-U?0A>,/117Y/,7*+7>*+-0-/>*+:*07+UP?7+K7=90*6-U=-?</+7?/190*9-0,7->̂
8P8!$?KK>5G

.<**>7+K/990*907/,-:711-0>?/+/1>*7=90*6-,<-?0--90->7>,/+?-90*9-0,7->*:;@.>)!"* Ô7::-0-+,
‘7+U>*::711-0></6-V--+P>-U,*7=90*6-?0--90->7>,/+?-*:;@.>&7+?1PU7+K*0K/+7?:711-0>!*+-

9*1A=-0?*/,-UVA/+*,<-0)!#*&8**U:1*P0)!!*&:7V-0)!%&!(*&=7?0*?0A>,/117+-?-11P1*>-)!2&!3*&-,?"/+U

7+*0K/+7?:711-0>!./.T%)!$*&Z7T!)!’*&41J)!&*&)K.T%)%"*&[/;7T%)%#*&=*+,=*0711*+7,-!));"/+U

</11*A>7,-+/+*,PV->)%!*&+/+*9/0,7?1->)%%*&-,?"̂ S/+K/+U?*8*0‘-0>)%(&%2*</6-U-=*+>,0/,-U,</,

,7,/+7/+/+*9/0,7?1->/0--::7?7-+,7+0-UP?7+K,<-?0--9?*=917/+?-*:+A1*+33̂ Z7-+K?<7+)%3*</>90*6-U
,</,/1P=7+/+/+*9/0,7?1->?/+-::-?,76-1A0-UP?-,<-?0--9?*=917/+?-*:9*1A>,A0-+-̂ H*8-6-0,<-
?0--90->7>,/+?-7>+*,/18/A>-+</+?-UVA,<-/UU7,7*+*::711-0>̂ C:,<-/UU7,7*+*::711-0>7=90*6-,<-
=*,7*+*:?</7+>&?0--9=/AV--/>7-0,**??P0)%$*^

;<--::-?,*::711-0>*+7=90*67+K?0--90->7>,/+?-7>UP-,*=/+A0-/>*+>’!#"/>+/00/,-U/V*6-&

,<-A?/+7+?0-/>-,<-?0A>,/117+7,A*:9*1A=-0?*=9*>7,->VA,<-<-,-0*N+P?1-/,7*+-::-?,(!!",<-A?/+
>,0-+K,<-+,<-/=*09<*P>/0-/,<0*PK<<7+U-07+K,<-U7>-+,/+K1-=-+,/+U>,0-,?<7+K*:9*1A=-0
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G7KP0-!!O7>9-0>7*+*:!/&U"=;7T!&!V&-"+;7T!&/+U!?&:";7J;9/0,7?1->7+@@" =/,07](

!/N?"ZI)#[ZI=7?0*K0/9<>*:?P,>P0:/?->(!UN:";I)#[G=7?0*K0/9<>*:P1,0/,<7+>-?,7*+>)#&*^

?</7+>(!%",<-A?/+90*67U-=*0->P99*0,/+UV-,,-0U7>,07VP,7*+*:>,0->>/+U-],-+U,<-0->9*+>-,7=-
*:?</7+>VA,0/+>:-007+K>,0->>:0*=,<-=>-16->,*?</7+>0/,<-0,</+:0*=>,0->>,*?</7+>U70-?,1Â
;<--::7?7-+?A*::711-0>7>0->,07?,-UVA,<-70>7Y-&>,0P?,P0-/+U>P0:/?-/?,767,A&-,?̂

@@+/+*?*=9*>7,->8-0-0-9*0,-U,*V-0-7+:*0?-UVA9/0,7?1->*+V/>-*:/1/A-0-U*0K/+*?1/A
!));"&</11*A>7,-+/+*,PVP1->!HJ;"&0->9-?,76-1A)%’*^));*??P0>7+@@?*9*1A=-0=/,07]7+
:*0=*:7>*1/,-U-]:*17/,-U1/=-11/>/+U>7=P1,/+-*P>1A/>8-117+,-0?/1/,-U?1P>,-0>*:=*+,=*0711*+7,-
)G7K̂%!/"*̂ HJ;7>-WP/11AU7>9-0>-U7+@@?*9*1A=-0=/,07]̂ M0-/,+P=V-0>*:HJ;/0-*07-+,-U
9/0/11-187,<U70-?,7*+*:=-1,:1*8 )G7K̂%!V"*̂ ;<P>&,<-7=90*67+K7+:1P-+?-*:HJ;,*?0--9
0->7>,/+?-7>=*0-*V67*P>1A,</+,</,*:));^

#"_#("!’#R_?+‘7_#""%N%$!3_!"#$_"%_""#

G7KP0-%!ZI)=7?0*K0/9<>*:@@+/+*?*=9*>7,->’!/"@@.#));/+U!V"@@.#HJ;)%’*^

Z7-+K?<7+)3*</>-]/=7+-U,<--::-?,*:+/+*:711-0>&>*U7P=:1P*0*<-?,*07,-!GH"/+UV*-<=7,-
/1P=7+/![4"&7+/<AU0*K-+/,-U+7,071-0PVV-0!HJ[5",*PK<-+-U9*1A/=7U-N3 !@4N3"̂ GH7>

90-:-0-+,7/11A1*?/,-U7+,<-@4N39</>-)G7K̂(!/"*̂ Z*7,/U<-0->8-11,*@4N3=/,07]/+U?/+
>,0-+K,<-+,<-/=*09<*P>9</>-̂ ;<P>,<->,0-,?<7+K*:,<-/=*09<*P>9</>-/+U-+,/+K1-U?</7+>
*??P087,<?*+>7U-0/V1-,7=-U-1/Â X<71-[47>=*>,1A1*?/,-U7+,<-HJ[59</>-)G7K̂(!V"*&7,RP>,
0-7+:*0?->,<-HJ[59/0,7?1-VA0-UP?7+K,<-U7::-0-+?-7+,<-=*UP17V-,8--+@4N3/+U HJ[5
87,<*P,/::-?,7+K,<-/=*09<*P>9</>-̂

;*K-,V-,,-0U7>9-0>7*+WP/17,A/+U7+,-0:/?7/1V*+U7+KV-,8--+:711-0>/+U =/,07]&>P0:/?-
=*U7:7?/,7*+>*::711-0></6-V--+>,PU7-U)%&&("*^;<-*Y*+-:P+?,7*+/17Y/,7*+*:)X.J;</>V-,,-0
U7>9-0>7*+/+U7+,-0:/?7/1/U<->7*+7+,<-,<-0=*91/>,7?9*1AP0-,</+-!;@D"=/,07]8<7?<0->P1,>7+
V-,,-0?0--90->7>,/+?-/+U0-?*6-0A)(#*^4+*,<-0>,PUA7+U7?/,->,</, 8<-+,<-/1‘/17+7Y/,7*+&

>71/+7Y/,7*+&/+U7=90-K+/,7*+87,<@I,0-/,=-+,>/9917-U,*:7V-0>&,<-:7V-0N=/,07]/U<->7*+8/>
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G7KP0-(!)*09<*1*K7?/1>‘-,?<->><*87+K,<-0-7+:*0?7+K-::-?,*:+/+*:711-0>’!/"GH/+U!V"[4)3*^

-+</+?-U&1-/U7+K,*V-,,-0?0--90->7>,/+?-!G7K̂2")(!*^

#"_#("!’#R_?+‘7_#""%N%$!3_!"#$_"%_""#

G7KP0-2!Z<*0,N,-0=?*=917/+?-?P06->:*0%"c:7V-0FO@IN41,0-/,=-+,>G!FOGIN41/+U:7WP-87,<*P,

,0-/,=-+,"&4!:7WP-:7V-0>87,</1‘/17,0-/,=-+,"&Z!:7WP-:7V-0>87,</1‘/17,0-/,=-+,/+U>71/+7Y/,7*+"&

/+U@!:7WP-:7V-0>87,</1‘/17,0-/,=-+,&>71/+7Y/,7*+&/+U7=90-K+/,7*+87,<FO@I")(!*^

[->7U->&,<-90*?->>*:V1-+U7+K?/+/1>*?*+,07VP,-,*-+</+?-,<-7+,-0/?,7*+*:=/,07]/+U:711-0>&

7,8711V-<-19:P1,*7+?0-/>-?0--90->7>,/+?-̂ C+/>,PUA*:9*1A*]A=-,<A1-+-#9*1AP0-,</+-#/1P=7+/
,-0+/0A?*=9*>7,->&,<-?*=9*>7,-> 90*UP?-U VA,<- /U6/+?-U =/>,-0V/,?< !)[/",-?<+7WP-
*P,9-0:*0=-U,<*>-=/U-VAU70-?,=-1,?*=9*P+U7+K7+=*>,*:?0--990*9-0,7->̂ [-?/P>-/1P=7+/?/+

K-,=/0‘-U1AV-,,-0U7>9-0>7*+87,<0PVV-09/0,7?1->,<0*PK<,<-)[/=-,<*U)(* Ĉ+/+*,<-0>,PUA&

U7::-0-+,‘7+U>*:?/0V*++/+*:7V-0> !.JG"#9*1AU7=-,<A1>71*]/+- !@O)Z"+/+*?*=9*>7,->8-0-
*V,/7+-U)(%* 4̂??*0U7+K,*,<-0->P1,>!G7K̂3"&,<--]N>7,P90-9/0-U+/+*?*=9*>7,->><*890*=7+-+,
/KK1*=-0/,7*+̂ H*8-6-0&7+,<-7+>7,P90-9/0-U+/+*?*=9*>7,->&=*+*=-0=*1-?P1->-+,0/99-U7+,<-
.JG>,-+U ,* U-/KK1*=-0/,- UP07+K 9*1A=-07Y/,7*+̂ 4> / 0->P1,&,<- ?*+6-+,7*+/1-] >7,P
+/+*?*=9*>7,->-]<7V7,<7K<-06/1P-*:?0--9?*=917/+?-!G7K̂$"̂

8P3!%QD>5F4KE46D15G
!_%_#!Z,0->>!Z,0->>?/+/::-?,?0--9*:?*=9*>7,->VA/::-?,7+K,<-=*,7*+*:?</7+>̂ X<-+,<-1*/U
7>1/0K-0,</+,<-A7-1U>,0-+K,<*:?*=9*>7,->&?0--90P9,P0-?/+*??P0V-?/P>-*:,<-V0-/‘*:
?</7+>)((* Ĝ7K̂’><*8>,<-0->P1,>*:,<-?0--9/+/1A>7>*+,<-*07K7+/1HO@IP+U-0U7::-0-+,6/1P->*:
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G7KP0-3!5-90->-+,/,76-H5;I)7=/K->*:!/"@O.(I!-]>7,P90-9/0-U+/+*?*=9*>7,-87,<P+=*U7d-U.JG"&

!V"@O.(!7+>7,P90-9/0-U+/+*?*=9*>7,-87,<P+=*U7d-U.JG")(%*^

G7KP0-$!.*=9/07>*+*:>,0/7+6-0>P>,7=-?P06->:*06/07*P>.JG1*/U-U@O)Z+/+*?*=9*>7,->
)@O."!+-/,@O)Z"&@O.(4!7+>7,P90-9/0-U+/+*?*=9*>7,-87,</=7+-=*U7d-U.JG"*

!P+U-0/?*+>,/+,>,0->>*:"_"!2)@//+U/,%"e,-=9-0/,P0-")(%*^

/9917-U>,0->>/,:f%"e^4,,<-1*8->,>,0->>6/1P-&!"%"_#)@/&,<-?*=917/+?-?P06->*V,/7+-U
87,<U7::-0-+,>,0->>6/1P->/0-+*,-/>A,*V-U7>,7+KP7><-U/+U/1=*>,>P9-07=9*>-U!/>><*87+G7K̂ ’
!/""̂C+,<7>>,0->>0/+K-&,<-?*=917/+?-7>?*+>,/+,0-K/0U1->>*:>,0->>6/1P-̂ G*01/0K-0>,0->>
6/1P-&!"&"_#)@/&,<-?0--9V-</67*07>=*0-/::-?,-UVA>,0->>)(2* ;̂<-1/0K-0,<->,0->>&,<-=*0-
?0--9?*=917/+?-7,8711><*8^

#"_#("!’#R_?+‘7_#""%N%$!3_!"#$_"%_""#

!_%_!!;-=9-0/,P0-!F/0K-0?0--9U-:*0=/,7*+?/+V-*V>-06-UP+U-0<7K<-0,-=9-0/,P0-&UP-,*,<-
<7K<-0=-?</+7?/1:1-]7V717,A/0*P>-UVA,<--+</+?-U?</7+>=*V717,A/+U,<-7+?0-/>-U:0--6*1P=-̂ C+
/?0--9,->,&/?*+>,/+,1*/U7>/9917-U,*,<->9-?7=-+>&/+U,<-6/07/,7*+*:U-:*0=/,7*+>87,<,7=-
P+U-0U7::-0-+,,-=9-0/,P0->/0-0-?*0U-U)(3* Ĝ7K̂&><*8>,</,/,,<->/=-6/1P-*:7=9*>-U>,0->>&,<-
>,0/7+/+U?0--9?*=917/+?-7+?0-/>-/>,<-,->,,-=9-0/,P0-07>->̂

M-+-0/11A&?0--97>/::-?,-UVA,-=9-0/,P0-/+U>,0->>>7=P1,/+-*P>1A)($*^4,<7K<-0>,0->>1-6-1
/+U,-=9-0/,P0-&?0--98711V-/KK0/6/,-U)(’*^
!_%_%!T,<-0:/?,*0>!T,<-0:/?,*0>&7+?1PU7+K0-1/,76-<P=7U7,A !5H")(&*&P1,0/67*1-, !Dg"

0/U7/,7*+&-]9-07=-+,/1>-1-?,-U>*16-+,&-,?&/1>*</6-7+:1P-+?-*+?0--9*:;@.>̂
4>,PUA*+,<-=-?</+7?/190*9-0,7->*:@D1/?WP-0:71=>!G7K̂#""><*8>,<->,0/7+7+?0-/>->87,<

,<-7+?0-/>7+K5HP+U-0,<->/=->,0->>)2"*^H-+?-&7,7+U7?/,->,</,,<-@D1/?WP-0V-?*=-=*0-
:1-]7V1-87,<,<-/V>*0V-U=*7>,P0->-067+K/>/91/>,7?7Y-0̂ [->7U->&/>,<--]9*>P0-*:Dg0/U7/,7*+
7+?0-/>-U!G7K̂##"&,<--1/>,7?0-K7*+*:,<->,0->>N>,0/7+?P06-7>><*0,-+-U8<71-,<-:/71P0->,0->>
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G7KP0-’!.*=917/+?-?P06->*:,<-*07K7+/1HO@I0-K7>,-0-U/,:f%"e:*0U7::-0-+,6/1P->*:/9917-U>,0->>’

!/"2‘@/%!"%"_#)@/&!V"!"f"_2)@/&/+U!?"!"f#)@/)(2*^

G7KP0-&!.0--9?*=917/+?-?P06->7+,7=-:P+?,7*+/,U7::-0-+,,->,,-=9-0/,P0->:*0!/"U0A>9-?7=-+>/+U
!V">9-?7=-+>?*+,/7+3c17WP7UP9,/‘-)(3*^

>7K+7:7?/+,1A7+?0-/>->̂ 4>/?*+?1P>7*+&7+?0-/>7+K5H?/+>7K+7:7?/+,1A0-UP?-,<-?0--90->7>,/+?-*:
,<-@D1/?WP-0&8<71-87,<,<-7+?0-/>7+K,7=-*:Dg700/U7/,7*+&,<-*99*>7,-,0-+U>/0->--+̂

#"_#("!’#R_?+‘7_#""%N%$!3_!"#$_"%_""#

G7KP0-#"!Z,0->>N>,0/7+?P06->:0*=,-+>71-,->,>/,U7::-0-+,0-1/,76-<P=7U7,7->)2"*^

4??*0U7+K,*/+*,<-0>,PUA&,<-?0--917:-*:>71/+-N;7T!#HO@I7+>/17+->*1P,7*+7>><*0,-+-U

K0-/,1A?*=9/0-U87,<,</,7+/70&8<71-,<-?0--9>,0/7+0-=/7+>/1=*>,,<->/=-!G7K̂#!")2#*^T+?-
>,0->>?*+?-+,0/,7*+>*+>/=91->P0:/?-/0--+*PK<,*V0-/‘,<-?<-=7?/1V*+U*:;7,T,Z7&;7,TH
/+UZ7,TH8*P1U:*0=>PV>-WP-+,1Â C+>/17+->*1P,7*+&,<-90*?->>?/+V->9-UP9V-?/P>-*:,<-
>P00*P+U7+K8/,-0&8<71-7+/70&,<-:*0=7+K90*?->>7>6-0A>1*8^
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G7KP0-##!Z,0->>N>,0/7+?P06->:0*=,-+>71-,->,>*+@D>/=91->/:,-0Dg700/U7/,7*+)2"*^

G7KP0-#!!I]9-07=-+,/1?0--9?P06->*V,/7+-U7+>/17+->*1P,7*+/+U/70P+U-0(2)@/)2#*^

%!.*+?1P>7*+/+U*P,1**‘

;<-:1-]7V717,A*:?</7+>7>,<-0-/>*+:*0?0--9&/+U*+1A,<->179*:?</7+>?/P>->,<-700-?*6-0/V1-
U-:*0=/,7*+̂ Z*8-?/+VP71U;@.>87,<<7K<?0--90->7>,/+?-VA?</+K7+K>,0P?,P0->*:;@.>&>P?</>
7+,0*UP?7+K07K7UP+7,>7+,*?</7+>*0:*0=7+K>,0*+K7+,-0=*1-?P1/07+,-0/?,7*+>(/UU7+K/990*907/,-
:711-0>87,<>P7,/V1-=-,<*U(?*+,0*117+K,<--],-0+/1:/?,*0>UP07+KP>7+K&-,?̂

#"_#("!’#R_?+‘7_#""%N%$!3_!"#$_"%_""#

4,90->-+,>&,<-0->-/0?<90*K0->>*+?0--9*:;@.></>V--+?*+?-+,0/,7+K*+:711-0>=*U7:7-U

9*1A=-0>A>,-=>̂ [P,,<-0-/>*+>:*0?<**>7+K,<-:711-0>/0-+*,U7>?P>>-Û [->7U->&,<-0-7>+*
>A>,-=7?=-,<*U,*VP71U>9-?7:7?;@.>87,<<7K<?0--90->7>,/+?-̂ ;<P>&,<-?0--9V-</67*0*:;@.>
+--U>,*V-:P0,<-0>,PU7-Û

5-:-0-+?->#
)#*![1-UY‘74\&M/>>/+Ê @0*K@*1A=Z?7&#&&&&!(!!"’!!##!$(_

)!*!G-00AEO ĝ7>?*-1/>,7?90*9-0,7->*:9*1A=-0>̂ %0U-Û ./+/U/’E*<+X71-AhZ*+>&#&’"&##%_

)%*!)**0-O5&;P0+-0Ẑ )-?</+7?/1-6/1P/,7*+>,0/,-K7->:*091/>,7?>̂ ./=V07UK-&I+K1/+UI1>-67-0&!""#&#"3_

)(*!Z7-+K?<7+Ẑ )-?<.*=9*>)/,-0&!""&&(2!("’(#2#(!!_

)2*!)-1*EOO&U-)-U-70*>4)^)-?<;7=-NO-9-+U)/,-0&!"#(&#’!#"’##%##!#_

)3*!Z7-+K?<7+Z&\/0K-0N\*?>7>Ê .*=9*>Z?7;-?<+*1&!""&&3&!2"’3$$#3’%_

)$*!.</‘‘/1/‘/1MF&4V-,Y.&g/7+7*D&H/+UK-D4&4V-,Yg @̂*1A=-0&!"#%&2(!#2"’%’3"#%’$%_

)’*!X/0UC)&H/U1-AOX^4+7+,0*UP?,7*+,*,<-=-?</+7?/190*9-0,7->*:>*17U9*1A=-0>̂ .<7?<->,-0&J-8S*0‘’E*<+X71-Ah

Z*+>&C+?̂&#&&%&###3_
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)&*![*,,-0<P7>JI&g/+[--‘O&6/+M-=-0,M)&[*>=/+4X&Z7RV->=/5@̂ E@*1A=Z?7&@/0,4’@*1A=.<-=&!""’&(3!#!"’

%’$$#%’’2_
)#"*!MP*S&F7/+KS&S/+KQ&G-+K5&Z*+K5&L<*PE&M/*Ĝ E4991@*1A=Z?7&!"#(&#%#!#3"’("3%%_
)##*!X/+KG&L</+KE&O7+KQ&O*+KZ&F7P)&L<-+K[&F7Z&XPF&SPS&M7V>*+HX^4+K-8.<-=&!"#"&#!!!3"’##"’

####!_
)#!*!J7S&[-?WP/0,G&;/</)&)/R->,-E.&.<-+Ê C+,E@*1A=)/,-0&!"#(&3%!’"’("2#(#2_
)#%*!L</+KF&HP/+K)&SP5&HP/+KE&O*+KQ&L</+K5&L<PÊ E)/,-0.<-=4&!"#(&!!!&"’##(&"###(&’_
)#(*!L</+KF&Z</=>ZZ&X-7S&F7PQ&)/Z&L</+K5&L<PÊ E)/,-0.<-=4&!"#(&!!($"’!""#"#!""#3_
)#2*!L</+KF&E7/+KS&Q7*+KL&F7PQ&J/H&L</+K5&L<PÊ E)/,-0.<-=4&!"#%&#!#""’%!3%#%!3$_
)#3*![</,,/?</0AA/4&.<-+Z&L<P) -̂Q@5IZZ@*1A=F-,,&!"#(&’!!"’$(#’(_
)#$*!Z<7QNV&XP.N1&5*+K)NY&.Y7K/+A;&L</+K)NŴ .<7+E@*1A=Z?7&!"#%&%#!%"’%$$#%’$_
)#’*!G-1U=/+\I&\/U-)E&)-7R-0I&H/8‘-0.E&\0/=-0IÊ )/?0*=*1-?P1->&!""&&(!!!!"’&"$!#&"’#_
)#&*!)7‘-i*6jE&k1*P:)&M*<>D&@*9-1‘*6jO&g/?‘*6j;&gPJH&\0/,*?<6l1E&L<7KP+*64 @̂*1A=[P11&!"#(&$#!("’$&2

#’#’_
)!"*!5-Y/+/6/Y5&4K<R-<) ĈT@.*+:-0-+?-Z-07->’)/,-0Z?7I+K&("’CT@@PV17><7+K&!"#!&"#!"($_
)!#*!G70*PY7O&S*P>>-:4&4=-0)&Z0*PR75&4=1-<4&G*P?<-0O4&[*PK<-0/0/H Ê)-?<[-</6[7*=-U)/,-0&!"#(&%!’#&’#

!"&_
)!!*!JPm-Y4E&)/0?*67?<JI&40/+KP0-+)Ĉ @*1A=I+KZ?7&!""(&((!’"’#2&(##3"%_
)!%*!.A0/>g&)/0,P??7E&C/++/?-Z&g/YWP-Y4 Ê;<-0=*91/>,.*=9*>)/,-0&!""!&#2!%"’!2%#!32_
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)!’*![-0><,-7+g4&MP+n‘*g)&IK*0*6/F)&X/+KL&C11>1-A )&g*0*+7+IG&@07‘<*Un‘*M@&S/‘P><-6@J&F-V*U/5&
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)%’*!H-11E&goFI\5 Ĝ0*=.*+:-0-+?-@0*?--U7+K>J/+*?*+5*p+*69*U5/U<*i,q=&.
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热塑性聚合物复合材料蠕变性能的综述

邱!佳$刘!斐$陈!景$张立生$那海宁"$朱!锦"

!中国科学院宁波工业技术研究院"宁波高分子材料重点实验室"宁波%#2!"##

!!摘要%热塑性聚合物复合材料!;@.>"由于其力学性能优异-产量巨大&并具有价格优势&已被作为重要的

结构材料得到了广泛的应用.然而&由于聚合物的粘弹本性&其不可避免地会在外力的作用下产生随着时间延

长而增加的形变&即蠕变.这种作用将对材料造成永久形变以及不可恢复的破坏&从而限制材料的应用.本文

通过对;@.>蠕变的研究综述&详细探讨了;@.>蠕变的机理特征&分析了各类因素!诸如分子结构-填料-应

力-温度等"对;@.>蠕变作用的影响规律.在此基础上&简明扼要的分析并提出了有助于获得抗蠕变性能优

异的;@.>的方法.
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