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 گفتار پيش

 
عرصـه  سـاختمان ايـران، بـه عنـوان فراگيرتـرين ضـوابط موجـود در                ملّي  مقررات  

اهداف عالي تأمين ايمني، بهداشـت، سـلامت و           ترديد نقش مؤثري در نيل به       ساختمان، بي 

ارتقـاي   و رعايت آن ضمن تأمين اهداف مـذكور موجـب            صرفه اقتصادي فرد و جامعه دارد     

براساس اين اهميت، تدوين مقررات ملّي      . گردد  ها مي   كيفيت و افزايش عمر مفيد ساختمان     

شـود    ان نقطة عطفي در تاريخ مهندسي ساختمان كشور محـسوب مـي           عنو  ساختمان كه به  

شهرسـازي آغـاز و بـا مـشاركت جامعـة       بيش از دو دهه است كه توسـط وزارت مـسكن و  

هـاي تخصـصي      مهندسي كشور و در قالب شوراي تدوين مقررات ملّي سـاختمان و كميتـه             

ر ايـن مـسير ضـمن    د. وقفه سير تكامل خود را طي نمـوده اسـت      مباحث، سازماندهي و بي   

تكميل و تجديدنظر مباحث از پيش تعريف شده و مطابقت آنها با مقتضيات شرايط كـشور                

از حيث اقتصادي، فني، فرهنگي و اجتماعي، تدوين مباحث جديدي هم در دستور كار قرار  

گرفته است كه پس از تدوين نهايي و طي مراحل تصويب در اختيار جامعة مهندسـي قـرار          

 .خواهد گرفت

هـا،   نامـه  در حال حاضر مدارك فني متعددي نظير مقـررات ملّـي سـاختمان، آيـين            

كننـدگان لازم اسـت       شـود و اسـتفاده      استانداردها و مشخصات فني در كـشور منتـشر مـي          

الاجرا بودن، قلمـرو، حـدود تفـصيل،          هاي آنها از نظر هدف از تهيه هر مدرك، لازم           تفاوت  به

مدرك توجه داشته باشند كـه در مـورد مقـررات ملّـي             هاي خاص هر      محتوا و ساير ويژگي   

 :هاي زير را برشمرد توان ويژگي ساختمان مي

 . الاجرا است در سراسر كشور لازم» مقررات مليّ ساختمان«  !

 .شود طور خلاصه و اجمالي تدوين مي به» مقررات مليّ ساختمان«احكام   !
 اي   موارد توصيه  اين مقررات فاقد  » مقررات ملّي ساختمان  «با توجه به الزامي بودن        !

 .            و راهنمايي است

 بر هرگونه عمليات ساختمان نظير تخريب، احـداث بنـا،         » مليّ ساختمان مقررات  «  !

 .م است تغيير كاربري، توسعة بنا، تعمير اساسي و نظاير آن حاك           

 پ



 
  ت

نيـستند بلكـه در     هـا     خودي خود متضمن كيفيت سـاختمان       مقررات تدوين شده به   

امر ترويج و آموزش آن در ميان جامعه مهندسي كـشور   كنار تدوين مقررات مذكور توجه به 

سو و ايجـاد نظـامي        طور عام از يك     آموزان و آحاد مردم به      طور خاص و دانشجويان، دانش      به

 ،كارآمد براي اعمال و كنترل اين مقـررات و تنظـيم روابـط دخيـل در امـر سـاخت و سـاز        

تغيير كاربري و ساير    ،   توسعه بنا  ، شرح وظايف و مراحل قانوني اقدامات احداث       ،ها  يتمسئول

هاي اجرايي  عنوان راهكارها و ضمانت ساختمان از طرف ديگر، بايد همواره به موارد مربوط به

 .اندركاران ساخت و ساز قرار گيرد گزاران، مجريان و دست اين مقررات مد نظر سياست
ويژه مواد    ظام مهندسي و كنترل ساختمان و در اجراي مفاد آن به          با تصويب قانون ن   

رعايـت آنهـا در طراحـي،          قانون مذكور، وضع مقررات ملّي سـاختمان و الـزام بـه            34 و   33

منظور اطمينـان از ايمنـي، بهداشـت،          ها به   برداري و نگهداري ساختمان     محاسبه، اجرا، بهره  

اين اطمينان را در ميان مهندسان و صـاحبان         دهي مناسب، آسايش و صرفة اقتصادي،         بهره

اي كـه در توسـعه و    ايفاي وظيفه به گرمي، آورد كه با پشت     وجود مي   هاي ساختماني به    حرفه

هـاي والاي   آباداني كشور دارند مبادرت ورزند و از اين رهگذر، سهم خود را در تحقق آرمان         

 .انقلاب عينيت بخشند
 و ترم شوراي تدوين مقررات مليّ ساختمانفرصت را مغتنم شمرده از اعضاي مح

نحوي در تدوين، ترويج و كنترل اعمال مقررات  كساني كه به هاي تخصصي و ساير كميته

نمايند سپاسگزاري نموده و از اساتيد، صاحب نظران،  ملّي ساختمان در كشور كوشش مي

يشنهادات خود اين اندركاران ساخت و ساز انتظار دارد با نظرات و پ مهندسان و كليه دست

 . دفتر را در غناي هرچه بيشتر مقررات مذكور ياري رسانند
 

  
 غلامرضا هوائـي                        

                          مديركل امور مقررات مليّ ساختمان          
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∂43A@ 7/- ?%::0Ĵ9A+ Z !"#  ∂_96.`@ ∂=!- G%:A- !





"

!"#$% &'()*
 

!"#$ 
H I8A'8 + 7&D)C     J K JＱ

 ℮  "#$% &'()* + *+,-     . / . / .Ｑ                
 M ,-./&01     N K JＱ

 1  "23#$45     . / 6 / .Ｑ                
 .⅛   "#89:$;< =$>?:) ＾)AB &CD+) E$()FD)     6 / 6 / .Ｑ                

 .G   "#89:$;< HI( ＾J$;K*$(< + ∂-)AM     N / 6 / .Ｑ                
 ℮.   "∂O9P Q)85$: *)AR) K*$S?;) *#8( ＾$T#89:$;< ＾$T∂UV3+     ℮ / 6 / .Ｑ                

 ℮6   "−CD+#,CT ＾$T#89:$;< ＾$T∂UV3+     Ｑ / 6 / .Ｑ                
 ℮N   "+#*8X HO- ＾$T#89:$;< E$()FD)     ⅛ / 6 / .Ｑ                

 ℮Ｑ   "＾ACUH38I5 + Y3$(J<     1 / 6 / .Ｑ                
 ℮G   "Y5< HB$Z( #* [\$S-     ] / 6 / .Ｑ                

 ＱH ∂"#$ ()*     H K JＱ
 ＱN   "E$C^%     . / N / .Ｑ                

 ＱN   "#$% &'()* + *+,-     6 / N / .Ｑ                
 Ｑ℮   "E$-_`a) + 23#$45     N / N / .Ｑ                

 ＱＱ   "∂-)AM &CD+) E$b_M)     ℮ / N / .Ｑ                
 Ｑ]   "∂cAB &^d =$>?:) K8I: + KJ$; ＾$T∂UV3+     Ｑ / N / .Ｑ                

 ⅛Ω   "Q$O?X$; KJ$; AB ∂cAB &^d E)ACfg5     ⅛ / N / .Ｑ                
 ⅛Ω   "∂cAB &^d ∂'R E$h>i(     1 / N / .Ｑ                

 ⅛6   "∂'O3) + ∂'R ＾$T[\$S-     ] / N / .Ｑ                
 ⅛N   "Y5< HB$Z( #* [\$S-     G / N / .Ｑ                

 ⅛℮   "＾#),jk: + ＾ACUH38I5    .Ω / N / .Ｑ                



#

⅛M ∑#>46 +,Q;&D*     ℮ K JＱ
 ⅛1   "E$C^%     . / ℮ / .Ｑ                

 ⅛1   "#$% &'()* + *+,-     6 / ℮ / .Ｑ                
 ⅛]   "lCm &3+)J     N / ℮ / .Ｑ                

 1. #89:$;< ∂'R E$b_M) &:8O:      −3 [;8Cd
 1Ｑ #89:$;< ＾*$4B) ＾$Tn+,P       +* [;8Cd
 ]Ｑ $T#89:$;< [CRA\ + *),45 &o;$I( K8I:      &; [;8Cd
 G1 ∂^COp5 E$b_M) + $T&iZ:    #$jq [;8Cd
 .6. $T&:$i: + r3_b      s'd [;8Cd
 .6G ∂;#$R&B ∂9C^k:) &($:Kt)+
 .NN        ∂^^OD)uCB Ao?4( vB$'(

 
#+,-. &'()* 

] (∂(8Ob &:8O:) ∂ii% #89:$;< ＾)FP)   . / . / 6 / .Ｑ Hpm
 G                   #$'% rCZ?9( r?9C; "−CD+#,CT #89:$;< ＾)FP) J) ＾)&:8O:   6 / . / 6 / .Ｑ Hpm
 .℮ −T$q 2% ACU&BAw x8: +*   N / . / 6 / .Ｑ Hpm
 .Ｑ #+$y( #* +* HB$Z( #* +* uCB$%   ℮ / . / 6 / .Ｑ Hpm
 6Ω $T#89:$;< ∂3$O:$P ＾$T&:8O:   . / . / N / 6 / .Ｑ Hpm
 66 $T#89:$;< HB$Z( ＾$T+AT)# #$z?:) ＾$T${R   (2D)) ℮ / . / N / 6 / .Ｑ Hpm
 6N $T#89:$;< HB$Z( ＾$T+AT)# #* #$z?:) ＾$T${R   (=) ℮ / . / N / 6 / .Ｑ Hpm
 6℮     ∂'?B + ＾F^R ＾$TKJ$;&B $j:< n$h5) ↓8I: + $T[%)AB x)8:) J) ∂i>B     6 / N / 6 / .Ｑ Hpm
 6]          E$ZoM ＾*+#+ [O; #* K$q K#)83* ∂^X)* }`;      N / N / N / 6 / .Ｑ Hpm
 N. &M8BA( E)FCjy5 + &:$X#858( ＾${R     . / Ｑ / N / 6 / .Ｑ Hpm



$

℮Ω #89:$;< ＾$TK$q J$;),P ＾$TK#)83* + ∂D8c$m ~8`X     N / G / N / 6 / .Ｑ Hpm
 Ｑ℮ ∂cAB &^d ∂^% �AM   . / N / N / .Ｑ Hpm
 ＱＱ ∂cAB &^d ∂P+AX $3 ＾*+#+ #* J$B ＾${R   6 / ℮ / N / .Ｑ Hpm
 Ｑ⅛ ∂cAB &^d 2^?>( ＾$TY3)#<   N / ℮ / N / .Ｑ Hpm
 Ｑ] ∂cAB &^d lCm ＾$3)+J   G / ℮ / N / .Ｑ Hpm
 ＱG (Kl3Aw) Q< �Ab $B l;$'?( &^d AT ＾+# *)AR) *),45   6 / Ｑ / N / .Ｑ Hpm
 ⅛] ∑AI?( ＾$T+#K*$Cd lCm ＾$3)+J   N / ℮ / .Ｑ Hpm
 ]6 ∂p3A?pD) ＾$T#89:$;<   . Hpm
 ]N ∂pCD+#,CT ＾$T#89:$;<   6 Hpm
 .ΩΩ r% **A5 $B ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   . / 6 Hpm / ℮ [;8Cd
 .Ω6 r% **A5 $B ∂pCD+#,CT ＾$T#89:$;< ＾#$O4( &CD+) �AM   6 / 6 Hpm / ℮ [;8Cd
 .Ω℮ ∂:8p9( ＾$TQ$O?X$; ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   . / N Hpm / ℮ [;8Cd
 .Ω⅛ ＾*#8( **A5 $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   6 / N Hpm / ℮ [;8Cd

 ＾AR$9( ∂pCD+#,CT ＾$T#89:$;< ＾#$O4( &CD+) �AM   N / N Hpm / ℮ [;8Cd
 .Ω]         ＾*#8( **A5 $B                                         
 ..Ω       ∂(8Ob *AB#$% $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   ℮ Hpm / ℮ [;8Cd
 ..6 *$3J **A5 $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   Ｑ Hpm / ℮ [;8Cd
 ..℮      AR$9( + #$OCB [>5 HO- ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   ⅛ Hpm / ℮ [;8Cd
 ..⅛ ∂(8Ob ＾AB#$% $B ＾#$B HO- ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   1 Hpm / ℮ [;8Cd
 ..]         uCk'; ＾#$B HO- ∂p3A?pD) ＾$T#89:$;< ＾#$O4( &CD+) �AM   ] Hpm / ℮ [;8Cd
 .6Ω          x$S5#) A�%),- uCC45   G Hpm / ℮ [;8Cd
 .6N           . Hpm / Ｑ [;8Cd
 .6℮         K$q&B *)AR) ~8Z; $3 *+#+ J) ＾ACU8^P ∂'O3) r3_b &:8O:   6 Hpm / Ｑ [;8Cd
 .6Ｑ         &:$X#858( K,'T*#),iT r3_b   N Hpm / Ｑ [;8Cd
 .6⅛         ＾#)A`w) ＾$T#* K,'T*#),iT r3_b &:8O:   ℮ Hpm / Ｑ [;8Cd
 .61         ∑AI?( ＾$T+#K*$Cd + ∂cAB &^d ＾$T&:$i: + r3_b   Ｑ Hpm / Ｑ [;8Cd

 



%

#+/012 &'()* 
(uCB$% �Ob ＾$?;)#rT n8M $3 �Ab) �Ob   ℮ / . / N / 6 / .Ｑ n+,P

 6. ＾$T＾*+#+ HB$Z( +AT)#     
 6Ｑ [CRA\ $B l;$'?( uCB$% [-$9( A�%),- (2D)) . / 6 / N / 6 / .Ｑ n+,P
 6⅛ E)AS: *),45 $B l;$'?( uCB$% [-$9( Hc),- (=) / . / 6 / N / 6 / .Ｑ n+,P

 "∂ii% ＾$T#89:$;< / ∑A?i( &:$X#858( *$4B) Hc),-   N / Ｑ / N / 6 / .Ｑ n+,P
 N6 **A5r% ∂:8p9( ＾$T#89:$;< ＾$'�?;)&B                                            
 N℮          &:$X#858( 2Z; =_c&B K*#)+ #$B   1 / Ｑ / N / 6 / .Ｑ n+,P

 Q,m J$B ↓8I:&B &P85 $B E$ZoM 2%&B 2% &^a$R Hc),-   .Ω / 1 / N / 6 / .Ｑ n+,P
 N1 #* x$S5#) A�%),- +       
 NG #89:$;< K$q *$4B) ∂D8c$m$: A�%),-   6 / G / N / 6 / .Ｑ n+,P
 ⅛Ω ∂cAB &^d ∂3$P&B$P [CRA\   6 / Ｑ / N / .Ｑ n+,P

 1] ∂:8p9( ＾$TQ$O?X$; / ,CS( *$4B) / ABAR$9( ＾$T#89:$;<   / . n+,P
 1G ∂:8p9(AC� ＾$TQ$O?X$; / ,CS( *$4B) / ABAR$9( ＾$T#89:$;<   / 6 n+,P
 ]Ω ,CS( *$4B) / ∂:$?;#$OCB ＾$T#89:$;<   / N n+,P
 ]. ,CS( *$4B) / AB+#*8X ＾$T#89:$;<   / ℮ n+,P
 GΩ . n+,P
 GΩ 6 n+,P
 GΩ N n+,P
 .Ω. r% **A5 $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< *$4B)   . / 6 n+,P

 .ΩN r% **A5 $B ∂pCD+#,CT ＾$T#89:$;< lh: *$4B)   6 / 6 n+,P
 .ΩＱ ∂:8p9( ＾$T,-)+ ＾AR$9( ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   . / N n+,P
 .Ω1 ＾*#8( **A5 $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   6 / N n+,P
 .ΩG ＾*#8( **A5 $B ＾AR$9( ∂pCD+#,CT ＾$T#89:$;< lh: *$4B)   N / N n+,P
 ... ∂(8Ob *AB#$% $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   ℮ n+,P
 ..N         *$3J **A5 $B ＾AR$9( ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   Ｑ n+,P
 ..Ｑ *AR$9( + =)8>?>5 HO- ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   ⅛ n+,P
 ..1         ∂(8Ob *AB#$% $B ＾#$B ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   1 n+,P
 ..G �+),( #$% �3)Am $B ＾#$B ∂p3A?pD) ＾$T#89:$;< lh: *$4B)   ] n+,P



∂"#$ ＾&'()* + &',-./&01     2Ｑ 4567
 

! "#$%# & '()*+     , -,Ｑ
 /  0123(45     6 - ,Ｑ
 Ｑ!     ∂89: ;*<     ! - ,Ｑ
 ⅛/     ∑9?@A &0BC()<     ℮ - ,Ｑ
 /,            0123(45 ∂EF '(GHI# ;31J3   , K41)<
 /Ｑ                  0123(45 ＾C(M:# ＾(%N&$O   6 K41)<
 PＱ                (%0123(45 K)F9Q & C#$MR ;S4(?A ↓1?3   ! K41)<
 U/            ∂*)JVR '(GHI# & (%;WX3   ℮ K41)<
 ,6, (%;3(W3 & YZHG   Ｑ K41)<
 ,6U ∂40(F;: ∂2)*[3# ;A(3B\#&
 ,!!  ∂**J]#^): 9S@MA _:(EA

 





!

!"#$" % &'()*     + , +Ｑ
 

!"#→→→→→→% ＾'()'*%+*→→→→→→, -*./→→→→→→0 !∂→→→→→→234→→→→→→5 !∂6'7%'→→→→→→8 ＾34→→→→→→9 3: ;)< =→→→→→→93>→→→→→→? @→→→→→→A3B→→→→→→2 CDE→→→→→→→. -→→→→→→→63
 :>FG. -6B9 .B6'7%∂. H?I ∑4DK→. I:LM'*→, I ∂A49NO→, !:>P%'→QR )3 NG*S→9 I -7→63 ＾:3M49L4S→9

 .TQ3 LBU NKV4W 4F% :M CDE. -63 :M 46) X3B(3
 ∑4DK. I:LM'*, I ∂A49NO, !:>P%'QR -640"Q'G→. Y'ZK→%3 I ∂→234→5 ＾'(:'[(3: ＾\N→63:3 ! "#$

 .4]6M M:3>. I T*V4^ !T_4Q !`>% !M3Ba0 !T*aA>. b'Dc )3 "Q'G. ＾:3M49L4S9 T*O9'A '9
 !('():>P%'→→→→→QR T*aA>→→→→→→. I @D→→→→→→. ∂→→→→→→234→→→→→→5 I Y'ZK→→→→→→%3 :M ;)< =→→→→→→93>→→→→→→? I d3:4e→→→→→→. ＾\N→→→→→→63:3  f %

 .∑4DK. (＾'()I:LM'*, I ('()∂A49NO,
 $&'$ ()*)+ ,-&. /0.  ! 1

 )3 ＾:3BS]→→→→→→% I ＾:3M49L4S→→→→→→9 !34→→→→→→83 !"#→→→→→→% ＾'()'*%+*→→→→→→, -*./→→→→→→→0 !NEQ'D→→→→→→→. !∂→→→→→→→234→→→→→→→5 !∂6'7%'→→→→→→→8
 I M4*→W ;'g→%3 CDE→. -→63 d3:4e→→. hE→→5 B6'→→9 ∑4DK→→. ＾'(I:LM'*→→, I ∂A4→→9 ＾'(NO→→, !'(:>P%'→→QR
 @.'→U d3:4e. X3B→(3 '→9 N[→%R 4]. M>→9 B→→(3>Z→→% B6B→→8 ＾:IR-→→V I :'[K→→93 !＾:IR>→→% ∂V'→→% 4→→.3 -→→63

 .BU'9 NKU3M d46'i. ＾M'#KA3 ↔V4k I +6'QR !TU3BS9 !∂G763



!"#$%&' ()*+
 

℮

!"# $%&'( ) ()*+     , - , - ,Ｑ
 -*./→→→→→0 !∂→→→→→234→→→→→5 !`>→→→→→% !M3Ba→→→→→0 !∂6'7%'→→→→→8 I T*aA>→→→→→. Y'ZK→→→→→%3 CDE→→→→→→. -→→→→→→63 ! " ! " ! " !Ｑ
 !"#% 49 ∂.>7_ d:'F% !LM:3I ＾'(I4*% lM>7→% b'Dc !"#→% @D→. ＾34→83 !"#→% ＾'()'*%+*→,
 BG9 :M Nm M>U∂. @.'U 3: ∑4DK. (＾'()I:LM'*, I ∂A49NO, !:>P%'QR `3>%3 @6>D→0 I +6'→.)R

 .B%>U∂. 4mn o f p f p f pＱ
 

`>?>. ∑4DK. (＾'()I:LM'*, I ('()∂A49NO→, !('():>P%'→QR M49:'→m I `3>→%3 $ " ! " ! " !Ｑ
 :)3 BG0:'E_ CDE. -63

 @*E.>03 !M:'[%349 '6 :'7*9 TZ0 !4V'P. !:'9 @72 TS8 ∂rrm ＾'(:>P%'QR ! "#$
 @*E.>03 !M:'[%349 '6 :'7*9 TZ0 !4V'P. !:'9 @72 TS8 ∂[*cI:B*( ＾'(:>P%'QR ! "

494V'P. !'.3:>%', !)'9'7% ∂[*cI:B*( '6 I ∂rrm ＾'(:>P%'QR ! 1
494V'P. ＾'(∂A49NO, ! 2
∑4DK. ＾'(I:LM'*, ! 3

.BGU'9∂7% CDE. -63 d3:4e. s>7r. 46) ＾'(49<'9 I '(L']KQM % " ! " ! " !Ｑ
 .L4*t I (-64m:I'0) ∂849 @*eu48 !49<'9 ＾'(vG6I 4*F% ∂%'7Kw'Q ＾'(49<'9 ! "#$

 l3>G_N9 N→m 49<'→9 ＾'(L']KQM ↔*Om I B→%:3M M49:'m '(l'7Kw'Q x:'→w :M N→m ∂6'(49<'→9 ! %
yc'#. s'eK%3 ＾349 l'7Kw'Q ＾3483 ;']G( Ґ{|. B%>U∂7→% ∂eO→0 l'7Kw'Q ∂7→63M 4Ea→.        

 .＾3N%'ULB%M ＾'(49<'9 4*F% B%>U∂. NKV4W :'mN9  L4*t I        
 (∂KaGk Ґ<>7a. M49:'m '9) ∂}*A '6 ＾:B94? ＾'(49<'9  ! 1

 (... I 4џ93�t !4џ9Y'Km) �'w �6I4Q ＾'(:>P%'QR ! 2



,-."- / 0&123   4 5 4Ｑ
 

Ｑ

@6'. '6 I ��'A Tm42 '9 49 s>Oa. I :3Bw4� ∂cBGk 49<'9 ＾'(>[Q  ! 3
N*E→→→→→→→→U ＾M4[O7→→→→→→→→_ N→→→→→→→→m 49I:M>→→→→→→→→w L�*%'[→→→→→→→→. ＾'(49<'→→→→→→→→9 I L�*%'[→→→→→→→→. ∂0'eE→→→→→→→→5 ＾'(�G*m:'→→→→→→→→, ! 4

.B%:3M :>P%'QRN9       
 49:'9 ＾'(Nc'e% :3>%  ! 5

4fEKa. ＾'(M:3Bf%'KQ3 hE5 Bf6'9 '(L']KQM -63 ＾4f*W:'mN9 I Tw'QN9 �>94. =f93>?
 .M4*W d:>k ∂OO7c3-*9

 
N*Om I TQ3 ∂→→.3�c3 I 34→→83 @9'→→A lR "6>#→→0 �6:'→→0 )3 CDE→→. -→→63 d3:4e→→. ℮ " ! " ! " !Ｑ

 ∂QBGS→→→→. d3:4e→→→→. T6'_:N→→→→9 �^>→→→→. s4KG→→→→m H→→→→→834→→→→→. I l'[c'→→→→→. !l'64g→→→→→. !l'QBGS→→→→→. !l'→→→→→234→→→→→5
 .BGU'9∂. CDE. -63 :M x:BG. ＾'(@A3B2 I N5>94.

 
'→→0 lR ∂→→634→→83 d'*O7→→_ N→→m ∂6'(l'7Kw'→→Q N*O→→→m ＾34→→→9 CDE→→→. -→→→63 T6'→→→_: Ｑ " ! " ! " !Ｑ

 .BU'9∂. ∂.3�c3 TQ3 LBr% )'tR d3:4e. -63 "6>#0 �6:'0
 

'→6 I d'eE→5 y�→Q NaQ>0N9 4gG→. N→m l'7Kw'→Q :M ∂Q'→Q3 4**i→0 N%>W4→( ⅛ " ! " ! " !Ｑ
 I LBU :34[0 d'EQ'D. B6'9 M>r9 ('() :>P%'→QR @D→. 4**i→0 '→6 I ＾49:'m 4**i→0 !d'eE→5 M3Ba→0

 .MM4W s'7_3 CDE. -63 d3:4e. N*Om
 

!@D→→→. 4**i0N→→→9 4gG→→→. N→→→→m ∂0:>→→→→k :M ('→→→→() :>P%'→→→→QR :M ∂Q'→→→→Q3 d34**i→→→→0 ( " ! " ! " !Ｑ
 .M4*W ;'g%3 CDE. -63 d3:4e. T6'_: '9 B6'9 !MM4W ('() :>P%'QR T_4Q I T*V4^

 
@.'→→→m d'*6�→→→8 @.'→→→U ∂%'7Kw'→→→Q ＾'(Nre→→→% I ∂G→→→V ∑:3B→→→. !M'G→→→→Q3 N*O→→→→m ) " ! " ! " !Ｑ

 ∑4DK→. (＾'→() I:LM'*, '→6 ('() ∂A4→→9 NO→→, !('→→() :>P%'→→QR ∂G→→V d'#Zr→→. I d'_{→→53 !T*aA>→→.
 B*6/→→0 ＾34→→9 'S→→%R ＾:3BS]→→% -7→→? '→→→0 M4*→→→W :34→→→A IM 4→→→( '→→→6 I :3M49L4S→→→9 '→→→6 '.4V:'→→→m :'*K→→→w3 :M B6'→→→9

 .M>U N63:3 4]6M ∂%>%'A ;'e. 4( '6 ＾:3M4SU :M l'7Kw'Q :>.3 s>�P.



!"#$%&' ()*+
 

⅛

)I:N9 LBU ＾:3BS]% ∑:3B. I s'7_3 '(Nre% :M B6'9 ＾Ba9 d34**i0 N*Om * " ! " ! " !Ｑ
 .B%>U

 
:M x:BG→→. =→→93>→→? '→→→9 N→→→m CDE→→→. -→→→63 :M x:BG→→→. d3:4e→→→. I =→→→93>→→→? N*O→→→m !Ω " ! " ! " !Ｑ

 TS→→→8 :M ＾4Kr*→→→9 T6MIBD→→→. N→→→m =→→→93>→→→? -→→→63 )3 −64→→→( !BGU'→→→9 NK→→→U3M dI'�→→→→0 C2'E→→→→. 46'→→→→Q
 .MM4W T6'_: B6'9 BGm M'g63 !∂G763 -*./0

 
＾3:3M B6'→→→→→→→→→→9 ∑4DK→→→→→→→→→→→. (＾'()I:LM'*→→→→→→→→→→→, '→→→→→→→→→→→6 ('()∂A4→→→→→→→→→→→9 NO→→→→→→→→→→→, !('():>P%'→→→→→→→→→→→QR !! " ! " ! " !Ｑ

 @6>D→→→→→→→0 d3�*Sg→→→→→→→0 L347(N→→→→→→→9 3: d'_{→→→→→→→53 -→→→→→→→63 LBGUI4→→→→→→→V I LM>→→→→→→→→9 ∂0'_{→→→→→→→→53 I ∂G→→→→→→→→V N.'GQ'G→→→→→→→→U
 N%>W4( '6 I !＾4*W@6>D0 !∂Q:)'9 ∑:3B. -→63 hE5 4→9 .B6'7% 4]→6M ∂%>%'→A H→834→. '→6 :3M49L4S→9

 (.BU'9∂. d'_{53 -63 )3 ＾3N%>7% p TQ>*,) .B.R B(3>w @7_N9 ＾Ba9 ∂%>%'A ;3BA3
 

I d3�*Sg→0 I ;)3>c !∑4DK→. ＾'(I:LM'*→, I '(∂A4→→9 NO→→, !'(:>P%'→→QR N*O→→m !$ " ! " ! " !Ｑ
 '→→→→→6 I N5>94→→→→→. ∂O→→→→→. ＾'→→→→→(M:3B%'K→→→→→Q3 '→→→→→9 h9'�→→→→→. B6'→→→→→→9 T6>cI3 "*040N→→→→→→9 'S→→→→→→%R ∂G7→→→→→→63 ＾'(�KP*→→→→→→Q

 .BGU'9 ∂OO7c3-*9 4EKa. ＾'(M:3B%'KQ3
 



!

!"#$%&!'(     ) * +Ｑ
 

!"#$%&     ' ( ) ( 'Ｑ
 !→→→→→# $→→→→→% &'→→→→→() ＾+,→→→→→-+ . /)!0→→→→→1 $→→→→→23. Ґ5670→→→→→8 . 9:#!→→→→→% 3+ ;<=>→→→→→8 ?@+ ＾+$A:→→→→→@. : !"#$%→→→→→→'(
 .BC%∂8 !E#!- F!7>G!@ H!IJK 9:# &:L8 M) +M .) &N !( M!# !( (&O2) &P!L8 Q∂OA>R8 ＾!NS.M
 M!:T . ;L<# U:@ 9:# ∑!<WX+ &Y+ &# FZ ?%&[ $% ?@+ ＾M6L2!@Z : ∂**+ !"#$%→'(
 .(\]\]^] \Ｑ ;<T) .)6T∂8 `!E2+ $%&a8 U>L:@ b@61 QFZ cG&d `!'CN$# Qc=% $<AP
 F6>L:→→→→e . MBCA:→→→→@ Q9:#!→→→→→% ?%&→→→→→[ ;8!→→→→→f M6L2!→→→→→@Z g6→→→→→2 9→→→→→(+ M) : ∂,-./!0-→→→→→1 !"#$%→→→→→'(
 . U→→→% H!f!O→→→1M+ ＾+&→→→# Ґ5670→→→8 . BT!→→→# $>→→→T+) ,:→→→2 /)!0→→→1 $→→→23. ?@+ 9<7→→→→8 . ?@+ ∂<:h.MB:→→→→N
 U:I>L→8 g6→2 3+ B→2+61∂→8 −:h.MB:→N ＾!NM6L2!→@Z $%&a→8 U>L:→@ .)M+) )&#M!% U→% ＾!N?f&→→@
 !→→→( . (&→→→(3 ] U:I>L→→→8) 9:#!→→→% &(3$→→→# $W→→→@+. F.B→→→# −- U:I>L→→→8 g6→→→2 M) .BT!→→→# U:I>L8&:→→→j !→→→→(
 HM6X$→→→→→→# −- ?%&→→→→→→[ . ))&k∂→→→→→→8 ;l>→→→→→→8 (M!C→→→→→→% ] U:I>L→→→→→→8) 9:#!→→→→→→% M!C→→→→→→→% ∑6($→→→→→→→# m7:I>L→→→→→→→8
 U:→@ $→% ＾+$<A→P ∂(!-$#!→- n(&→K 3+ U:I>L8&:j g6→→2 M) . BC%∂→→8 !-$#!→→- +M 9:#!→→% U:I>L→→8
 .(^ ] \ ] ^ ] \Ｑ ;<T) .)6T∂8 9:#!% ?%&[ o-68 ?@+ ;l>8 9:#!%$# FZ ＾.M ;L<#



!"#$%&' ()*+
 

"
(∂"#$% &'#$') .∂(() *#+',-. ＾0120 , - , - . - ,Ｑ 012



&"345%&67   . - ,Ｑ
 

#
.*,3) 4 5678+" 58+6- 9−6;<*=6> *#+',-. ＾0120 ?0 ＾0&'#$' . - , - . - ,Ｑ 012



!"#$%&' ()*+
 

$Ω

.BC(6→k ＾&@5!→# +M M6L2!→@Z p!→d qI→@ &→(3 !1 qr6→1 9(&15!→# q→% 9:→# Us!→r $AX!→→P : ＾3'4%→5
 p!→→→→→→d qI→→→→→→@ !→→→→→→# 9:#!→→→→→→% ∂2!r6→→→→→→P ＾+,→→→→→→-+ !→→→→→→( F+M!%&:70→→→→→→1 )M6G&→→→→→→# 3+ ＾&:k6A→→→→→→→- ＾+&→→→→→→→# $AX!→→→→→→→P 9→→→→→→→(+
 )M+B2!>→→→→@+ ＾!N/.B→→→→- 3+ M6L2!→→→→@Z ?f&→→→→→@ . g6→→→→→2 !→→→→→# o@!C>→→→→→8 FZ p3+B→→→→→2+ . )6T∂→→→→→8 ∂C:#c:→→→→→e

 .(℮ . ^ ＾!N?@6:e) QB(Z∂8 ?@)$#
 /&>C→→→% $O:→→→u. $→→→→% HMB→→→→r . F!8&→→→→P ＾!→→→→NM+B→→→→8 ;8!→→→→T ＾+$f67E→→→→8 : !"#$%→→→→'( 6378→→→→+ "95%→→→→:
 ＾!N$hM 3+ ∂7(B→r g+6→2+ M) F!8&→P ?7L→r .)M+) pBvf$# +M M!w→[+$→# ∂(6'R@!→e . 9:#!→% ?%&→[

 .)6T∂8 $>G!@ ∂<:2.&><h+ H!0Wr &(!@ . !NpB23+)&e,(M 3+ m867f B(B- g+62+ M) . )B0>8
 &:70→→1 !→→( . x(.&→→@ $O:→→u. $→→% ?:[y→→X o[!→→X zlR>→→→8 . 3!E→→→8 )+&→→→P+ !→→→( )&→→→P : !%+3-;<→→→:

 .B2M+) pBvf$# +M M6L2!@Z
 ＾).M. ;a→8 M) $IJ→K pB→T `!7→1 q→% !→# 9:#!→% q→% FB→T 3+&1UN M6{C→8 : =0→> ?@A→B CD3→:

 .?@+ M6L2!@Z$#
 ＾!Np6:T$# +M ＾&'L→[ M!#$P!→|+ 3+ ＾&:k6A→- ＾+&→# !NM6L2!→@Z ∂G&→# M) : !%5?E%→FD G7#-→'
 ∂C:#c:e ?:P&u 3+ c:# M!→# 9>→T+}→k !→( &P!L→8 FB→T M+6→@ `!'CN !→1 BCC%∂8 $:J0→1 qA>R→8

 .)6T ＾&:k6A- ∂P!|+ M!# $:AR1 !1 M6L2!@Z ?%&[ 3+ &JG `yf+ 97| Q9:#!% M) pBT
 ?7L→→→r M) ma:-&→→→1 $→→→% ∂<:2!<→→→8 U>L:→→→@ : (H"→→→>D!%→→→I G7#-→→→') ∂8;→→→JD KL3→→→: G7#-→→→→'
 M) . )&:k∂→→→8 M+&→→→r (`.,h HM6→→→X M)) /)!0→→→1 $→→→23. . 9:#!→→→→% (∑6→→→→() ~6dM!v→→→→d ＾5!→→→→# !→→→→( 9(&→→→→(3
 /)!0→→1 $→→23. !→→( 9:#!→→% qr6→→1 oJ→→@ . pB→→T /!0→→P Q?f&→→→@ ＾)!f&:→→→j c(+,→→→P+ !→→→# ＾M+&W→→→|+ �→→→r+6→→→8
 $>→→→→@) $@$→→→→# ∂C7→→→→(+ ＾!N,8&→→→→1 Q)6T∂→→→→8 !N;(M$→→→→# /)!0→→→→1 $→→→→→23. !→→→→→( 9:#!→→→→→% FB→→→→→T ;O→→→→→r ↔A:@.$→→→→→#
 &:k$#&→→| !→→# ∂→→→2Z ] $:2!→→→Y &→→→# &>→→→8 Ω/⅛� !→→→1 ＾!N?f&→→→@ ＾+&→→→# ＾+${→→→ah !→→→( ∂→→→2Z :B26T∂→→→8 U:LI→→→1

 .!N?f&@ $:A% ＾+&# ∂E(MB1 . $:2!Y &# &>8 \ !1 ＾!N?f&@ ＾+&#
 9:#!% . B26T∂8 ol2 FZ M) M6L2!@Z &'() H+,:vE→1 ∂G&→# . !N;(M $→% ?@+ ∂(!w→P : M%→N
 . !→→→NM) . H!IJ→→→K ＾!→→→NM) Q!→→→NpM+6→→→() !→→→# Ґ5670→→→8 .BC(!72∂→→→8 ?%&→→→[ F!<→→→→8 9→→→→(+ M) /)!0→→→→1 $→→→→23. .
 9<7→→→→8 !→→→→NpM+6→→→→() 3+ ∂>7L→→→→r 3!#!7→→→→2 ＾!NM6L2!→→→→@Z M) Q))&k∂→→→→8 M6la→→→→→8 ＾M+&W→→→→→|+ ＾!N$�→→→→→(M)

 .BT!J2 M6la8 ?@+



&"345%&67   . - ,Ｑ
 

$$

+M (M6L2!@Z p!d )!0#+$#) M6L2!@Z p!d q% !1 qr61 9(&19:(!e q% 9:→# Us!→r $AX!→P : −1%→N
 ＾!N/.B→→- 3+ . ?@+ M+)M6G&→→# ＾)!→→(3 ?:7→→N+ 3+ ＾&@5!→→# BC2!→→8 p3+B→→2+ 9→→(+ .BC(6k∂→→8 −N!→→→d

 .)6T∂8 ~!R>2+ M6L2!@Z ?f&@ . g62 !# o@!C>8 Q)M+B2!>@+
 ＾!NM) QB2&:k∂8 M+&r 9:#!%$# H!IJK ＾).M. ;a8 M) $% BC>L→N ∂(!→NM) : H%@A→B ＾%→1!P
 b→@.) /+&>2!→→@ ＾!→→NM) Q(6T3!→→# �&→→K−() ∂e6<LA→→1 ＾!→→NM) BC2!→→8 B→→2M+) qA>R→→8 g+6→→2+ H!IJ→→K
 H!IJ→→K ＾!→→NM) ＾6T3!→→# p3+B→→2+ . g6→→2 ~!R>→→2+ . . . . ∂→→(56h ＾!→→→NM) Q∂26s)M!→→→%Z ＾!→→→NM) Q(6T3!→→→#

 .)&:k∂8 HM6X $K6#&8 b#+6| . !N)M+B2!>@+ !# n#!W8 . ＾&#M!% g62 !# o@!C>8
 $>L# . 3!# M!%)6→G M6K$# Ґ5670→8 . $>P&→k M+&→r 9:#!→% ＾).M. M) $→% ?@+ ＾M) : Q-5%→+ R!P
 9:#!→→→% ~M) ＾.M Ґ5670→→→8 H!IJ→→→K M!%)6→→→G ＾!→→→NM) F)&→→→% $>L→→→# . 3!→→→# $%&a→→→8 U>L:→→→@ .)6T∂→→→8
 FBT $>L# !( FBT 3!# !# F!8,7N BC%∂8 qr6→1 &{→2 )M6→8 $IJ→K M) $→% ∂8!'C→N . )M+) )6→-.

 .)6T∂8 $>L# !( 3!# ,:2 $IJK M!%)6G ~M) Q9:#!% ~M)
 

(S-<;T PP3:) −-ED3: 3U$ CD %1=%;7V%' ＾085?7'P
 . M!J→2+ Q∂>0C→X ＾!N�&l→1 ;8!→T −:→P+&→1 �.+ F!→83 9>→→T+) F.B→→# −J→→@ −:→→P+&→→1 :!"# $%→→'(

 .,:8Zp&K!R8
 Q∂26<L→→→8 ＾!N�&l→→→→1 ;8!→→→→T −:→→→→P+&→→→→1 �.+ F!→→→→83 9>→→→→T+) F.B→→→→# b@6>→→→→8 −:→→→→P+&→→→→1 :)"( $%→→→→'(

 .BC>LN UN 3+ +B- ＾!NB[+. ＾+M+) $% ＾M+)+ . p!'#+6G Q;>N
 Q∂>:#&→→1 ] ∂T36→→8Z ＾!N�&l→→1 ;8!→→T −:→→P+&→→1 �.+ F!→→83 ＾+M+) 9:'C→→@ −:→→P+&→→→1 :)*→→→' $%→→→'(
 $>@) FZ . ( ... . &1!�→1 Q!7C:→@ QH!f!7>→-+ 9h!→@) ∂07E→1 Q＾M!E→1 ] ∂JL→% Q＾+$P&→[ ] ＾M+)+

 .!NF!>@M!7:# BC2!8 BC>LN )!(3 ＾!N))&1 ＾+M+) $% ∂>Jr+&8 ] ∂2!8M) ＾!N�&l1 3+
 Q!N−:C:A→% Q!Np!'2!→8M) BC2!→8) ∂>J→r+&→8 ] ∂2!→8M) �&l→1 ;8!→T �!G −:→P+&→1 :)+,-→→. $%→→'(

 .( ... . !Np!'>T+)3!#



!"#$%&' ()*+
 

$&

/)!0→→1 $→→23. !→→( 9:#!→→→% ?(+B→→→N ＾+&→→→# $→→→% BC>L→→→N T �WI→→→8 !→→→# ＾,A→→→P ＾+,→→→-+ : %;8→→→1D! ＾%1W→→→J!
 .B2.M∂8 M!%$# ()6-. HM6X M))

 !( . 5!# M) 9:#!% $% ∂>r. �O1&8 ＾!NF!7>G!@ M) : (=D3AT W#,5 G-') =D3AT 3-X→$C
 ?@+ ＾+${[y→→→8 ;#!→→→r M+BI→→→8 $→→→% !N;L<→→→# U:→→→@ F3. g67E→→→8 )&:k∂→→→8 M+&→→→r $IJ→→→K 9(&19:(!→→→e
 Qc=→→% $<A→→P ＾.M F)M6→→G &→→@ BC2!→→8 ∂1y<=→→8 . )6T∂→→8 ;I>C→→8 ∂==→→% $<A→→P ?7→→→@ −($→→→#
 Q~!C→K Q)M+6→8 9→→(+ 3+ ＾&:k6A→→- ＾+&→→# .)M.Z∂→→8 )6-.$→→# +M )!→→(3 ＾�&→→2+ �&l→→8 QM616→→8 FB→→T `&→→k
 /)!01 $23. 9:(!e &:1$# 9:#!% ∑6( 9:(!e &:1 3+ Q!N;L<→# U:→@ F3.UN Q&:E→23 !→( ;L<→# U:→@
 FZ$# . B(!72∂→8 F+&J- +M !N;L<→# U:→@ ↔A:@.$# pB→8Z )6-.$# F3.$P!→→|+ $→→% )6T∂→→8 ;l>→→8

 .BC(6k∂8 F+&J- &:E23 !( ;L<# U:@ Q~!CK
 .BC(6k∂8 ∂8!2 ?f&@ +M ＾)!f ?%&[ `!'CN 9:#!% ?f&@ &�%+B[ : ∂L%$ SY3'

 $]-61 !]# M6L2!@Z M) 9](&P!L8 M!]w[+$# �]@!e ↓6a]2 :!"#$%'( ∂$D"VD3E ＾%1G7#-'
 ?:7→→→→N+ /&>C→→→→% U>L:→→→→@ �:a→→→→X ~!R>→→→→2+ . BT!→→→→# H.!O>→→→→8 B→→→→2+61∂→→→→8 F!7>G!→→→→@ ＾&#M!→→→→→% g62$→→→→→#

 .)M+) ＾)!(3
 :BT!#∂8 &(3 �&T$# ∂2+6G+&P ＾!NU>L:@ `6@&8 g+62+

 9→→(+ `!E→→2+ !→→→1 . p)+) �@!→→→e M!w→→→[+ 9→→→:h.+$→→→# M6L2!→→→@Z Qg6→→→2 9→→→(+ M) :(/→→→0 ,→→→1 2*→→→3) 4(,→→→' ! "
＾!NF!<8 ＾+&# ?@+ 9(&1p)!→@ $→% U>L:→@ 9→(+ .?@+ &:Y�1∂→# ＾B0→# ＾!NM!w→[+ QF!8&→P       

 )+B0→→→1 !→→→# ()M!<→→→2+&→→→# !→→→( ?R→→→1 ;7→→→[ �6lR→→→8) &#M!7:→→→→# . &#M!→→→→# ＾!NM6L2!→→→→@Z Q−:→→→→P+&1U→→→→%       
 QH!IJ→→K M) M!w→→[+ $7→→%) (/.+ $>→→@) ＾!NF!7>G!→→→@ Ґ5670→→→8) .?@+ o@!C→→→8 U→→→% H!IJ→→→K       

 .?@+ ∂<1       
 5!→→→→# 3+ ?%&→→→→[ 9:→→→→[ M) M6L2!→→→→@Z Qg6→→→→→2 9→→→→→(+ M) :(5#( *6%78,→→→→→9) /6:,3$→→→→→1 "+ /9;<→→→→→= ! #
. ?:07-&→→→e . ∂26<L→→→8 ＾!NF!7>G!→→→@ ＾+&→→→# . BN)∂→→→8 �@!→→→e !NM!w→→→[+ $:A%$→→→# 9:(!e$→→→#       

 −:P+&1U% . B2M+) M+&r UN 3+ ;I>L8 ＾!N?%&T FZ H!IJK M) $% ＾M+)+ ＾!NF!7>G!@       
 ∂<→→→→1 QH!IJ→→→→K M) M!w→→→→→[+ $7→→→→→%) (`.) $>→→→→→@) ＾!NF!7>G!→→→→→@) QBT!#∂→→→→→8 o@!C→→→→→8 BC>L→→→→→N       

 .?@+       



&"345%&67   . - ,Ｑ
 

$'

3+ ＾!NM!w→→[+$→→# . ?@+ 9:(!e$→→# .M 9%�7→→- $:J→→T :(>? *6%78,→→9) @,1$→→→1 "+ /9;<→→→= ! $
. 5!→→# M) ∂A→→X+ ↔IJ→→K $→→→% −:→→→P+&1U→→→% ＾!NF!7>G!→→→@ ＾+&→→→# . BN)∂→→→8 �@!→→→e 5!#$→→→# 9:(!→→→e       

 M!w→[+ $7→%) (`.) $>@) ＾!NF!7>G!→→@) .BT!#∂→→8 o@!C→→8 ?@+ 9:(!→→e M) H!IJ→→K &(!→→@       
 .?@+ ∂<1 QH!IJK M)       

 ?v→→- M) ＾!NM!w→→[+$→→# M6L2!→→→@Z Qg6→→→2 9→→→(+ M) :(*6%7A→→→' *6%78,→→→9) ∂1,C%→→→D# /9;<→→→= ! ℮
$% ∂(!NM!w[$# �@!e M) ＾M.&|&:j ＾!Nqr61 3+ $E:>2 M) . p)+) �@!→e 9:#!→% ?%&[       

 !→→→→# $7→→→→%) .) $IJ→→→→K &→→→→N M) .B(Z∂→→→→8 ;7f$→→→→# ＾&:k6A→→→→- ?@+ 9:#!→→→→% ?%&→→→→[ ?v→→→→- �y→→→→→G       
 )6-. Q(BT!#∂8 $7%) −( $% 9:(!e . 5!# ∂(!v>2+ H!IJK 3+ &:j$#) 9:(!e . 5!→# ?8yf       

 .)6T∂8 $:X61 `M!vd . `6@ $>@) ＾!NF!7>G!@ ＾+&# /&>C% g62 9(+ .)M+)       
 !→→→( $→→→@ Q.) BT!→→→# &>=:→→→# !→→→( ∂(!1$→→→→@ Q∂(!→→→→1.) HM6X$→→→→# /&>C→→→→% &→→→→k+ :∂E"F→→→→G ∂→→→→D#*→→→→H#F→→→→I ! Ｑ
�@!→→e M!w→→[+$→→# ?v-U→→N 9:#!→→% 9(&><(),→→2 . pB→→→T /&>C→→→% F!8&→→→P −( !→→→# M6L2!→→→@Z BC→→→d       

 ＾!N�&→→→→# ＾+&→→→→# . )6→→→→# B→→→→N+6→→→→G ;→→→→r+B→→→→[ 9(&P!L→→→→8 M!{>→→→→2+ F!→→→→→83 U>L:→→→→→@ 9→→→→→(+ M) .BN)∂→→→→→8       
 p)!O>→→→@+ UN$→→→# −(),→→→2 M6L2!→→→→@Z p!'>→→→→@) BC→→→→d 3+ $→→→→% �M,→→→→# H!L@�→→→→8 . !N;>→→→→N Q�O1&→→→→8       

 (`M!vd . `6@ $>@) ＾!NF!7>G!@) .BT!#∂8 o@!C8 BC(!72∂8       
 M!%$→→# M!→→# 9>→→T+}→→k !→→( . &P!L→→8 F)!>L→→(+ ＾+&→→# $→→% ?@+ ＾B:O→→8 �W→→@ : Q-5%→→+ 0-Z→→L [\→→→'

 ＾!N/.B→→→-) Q)6T∂→→→8 $J@!a→→→8 &P!L→→→8 !→→→( M!→→→# ?:P&→→→u !→→→→# o@!C>→→→→8 FZ M+BI→→→→8 . )6T∂→→→→8 $>P&→→→→k
 .(~ . qh+ ^ ] ^ ] � ] ^ ] \Ｑ

 M) ?f&→→→→@ ∂2!vk!→→→→2 c(+,→→→→P+ !→→→→( �6I→→→→@ `!'C→→→→→N $→→→→→% ?@+ ∂<:h.MB:→→→→→N &:→→→→→T : =%8-;→→→→→BD 3-→→→→→>
 $>L# Q3!E8 B[ 3+ c:# 9→j.M F!(&→- c(+,P+ `!'CN . ).M∂8 M!%$# −:h.MB:→N ＾!NM6L2!→@Z

 .B(!72∂8 ＾&:k6A- 9:#!% ?f&@ c(+,P+ !( �6I@ 3+ . pBT
 9:#!→% pB=2 /&>C→% ?#!→X+ 3+ ＾&:k6A→- ＾+&# $→% ?@+ ∂f!E→1M+ ＾+$A:→@. : (3E%→5) 3-]?53→→F
 3+ ∂>7Lr $% )6T∂8 ~!R>2+ . ∂[+&K ＾M6→K . ).M∂8 M!%$# −N!→d q%$# /)!0→1 $→23. !→( .
 ＾!N?f&→→→→@ ＾+&→→→→# ∂<:>→→→→@5 . ＾&C→→→→P ＾!N&:k$#&→→→→→| .BC→→→→→% −Av>L→→→→→8 +M 9:#!→→→→→% ∂=JC→→→→→- ＾�&→→→→→2+



!"#$%&' ()*+
 

$℮

＾+&→→→→# ∂E(MB→→→→1 ?=k&→→→→# ?%&→→→→[ !→→→→# ∂<:>→→→→@5 . ＾&C→→→→P ＾!N&:k$#&→→→→→| Q$:2!→→→→→Y &→→→→→# &>→→→→→8 \ 3+ &>7→→→→→%
 p)!O>→@+ ;#!→→r ∂>f&→→@ &→→N ＾+&→→# ∂<:h.MB:→→N &:k$#&→→| . $:2!→→Y &→→# &>→→8 \/⅛ 3+ &>7→→% ＾!N?f&→→@
 9:#!→→→→→% F)&→→→→→% qr6>→→→→→8 ＾+&→→→→→# &:k$#&→→→→→| $→→→→→% ?T+) $-6→→→→→1 B(!→→→→→→# .(� ] \ ] ^ ] \Ｑ ;<→→→→→→T) Q?@+

 .?@+ pB=2 ∂[+&K QFZ )+3Z �6I@ `!'CN$#
 

.−>,@ A) B6C&DBE F#' <G 8 - , - . - ,Ｑ 012
 

n(&→K FZ 3+ F!7>G!@$→# p)!:→e )+&→P+ ＾).M. $→% ?@+ ＾+$IJ→K M6{C→8 : ＾P/!/ ∂9→^D ?@A→B
 ∂A→→→→→X+ ＾!N∂@&>→→→→→@) ∂2!7>G!→→→→→@ M) $�2!C→→→→→d .?@+ F!#!:→→→→→G 3+&1U→→→→→→N Ґ5670→→→→→→8 . )6T∂→→→→→→8 `!E→→→→→→2+

 .)6T∂8 ~6La8 ∂AX+ ↔IJK !v2Z 9(&19:(!e BT!# $>T+) )6-. M6L2!@Z −($# ∂OA>R8
 $IJK 9(&15!# q% !1 M6L2!@Z qr61 $IJK 9(&19:(!e q→% 9:→# g!O→1M+ : S+3→_ 3-#→L 6"→B

 .)6T∂8 pB:8!2 ?%&[ &:L8 /6K QM6L2!@Z qr61
 ＾+M+) 9:#!% .BN)∂8 ＾!- )6G M) +M .) &N !( M!# Q&P!L8 $% ?@+ M6L2!@Z 3+ ∂(,- : Q-5%+
 ~M) ＾+M+) Ґ5670→→→8 . qI→→→@ QM!→→→→# !→→→→( 9(&P!L→→→→8 ?u!O→→→→[ ＾+&→→→→# ∂(!→→→→NpM+6→→→→() QF)!>L→→→→(+ ＾+&→→→→# q→→→→%

 .BT!#∂8



&"345%&67   . - ,Ｑ
 

$Ｑ

.&#.M �A| .) M) ~M) .) 9(+ $%∂1M6X M) Q)M+) ~M) .) $% ?@+ ∂C:#!% : R!P /P Q-5%→+
 M.!E→→→8 ~M) .) 9:#!→→→% BCT!→→→# M.!E→→→8 �A→→→| .) M) $%∂1M6→→→X M) . .&→→→#.M ~M) .) 9:#!→→→% BCT!→→→#

 .(℮ ] \ ] ^ ] \Ｑ ;<T) Q)6T∂8 pB:8!2
 . /6A08 . 9L8 )+&P+ $:AR→1 $A7→- 3+ ＾M.&→| �→r+6→8 M) $→% ?@+ ＾B:A→% : =%*→$`:( 0-9→+
 (9:#!% ;G+) &JN+M) F!=2c1Z b@61 bIP M6L2!@Z /&>C% . pBT /!0P F!=2c1Z b@61 Qp&:j
 ＾!Nqr61 �}[ !# M6L2!→@Z ∂(ZM!→% !→1 )6T∂7→2 p)+) �@!→e !NM!w[+ &(!@$# . )&:k∂→8 HM6→X

 .)6T &>=:# ＾M.&|&:j
 U:→→→@ n(&→→→K 3+ $→→→% ?@+ ∂<:2!<→→→8 ＾+$A:→→→@. : (3$!/%→→→]) SY3→→→' ∂,-$%,→→→→L M088+6378→→→→+
 ;X. ()6-. HM6X M)) /)!01 $23. !( 9:#!% (H6T+M!e) ∂C7(+ ,8&1 U>L:@$# &:E23 !→( ;L<→#
 . p)&→→% ;O→→r &J>0→→8 ＾!→→N)M+B2!>→→@+ b@6→→→1 pBT9::0→→→1 B→→→[ 3+ ?f&→→→@ c(+,→→→P+ �r6→→→8 M) !→→→1 ?@+

 .B(!72 /!0P +M ∂C7(+ ,8&1 U>L:@ QM6L2!@Z M6168 �&# �Wr F!8&P 97|
 

.*<,H" *G <G 4 ID,7" *G <G J6D,) ℮ - , - . - ,Ｑ 012



!"#$%&' ()*+
 

$⅛

M6168 $% ?@+ ∂(!wP : (!"#$%'( 6378+ / ?+3aL G7#-' C%-$ H!"^ !P) ?$%V!":"L
 FZ )!0#+ . BN)∂8 ＾!- )6G M) +M p&:j . /&>C→% 6A#!→1 . M6L2!→@Z $%&a→8 U>L:→@ !→( x<#&:→k
 M) .( ℮ . ^ ＾!N?@6:e) Q?@+ pBT B:r )M+B2!>@+ ＾!N/.B- M) qA>R8 ＾!N?:P&→u ＾+3+$→#
 M6L2!→→→→@Z c2+M U>L:→→→→@ . �}→→→→[ M6L2!→→→→→@Z p!→→→→→d M!C→→→→→% !→→→→→( 5!→→→→→# M) $2!GM616→→→→→8 !NU>L:→→→→→@ ∂G&→→→→→#

 .?@+ pBT ;I>C8 M6L2!@Z p!d ;G+)$#
 . BC%∂8 ;l>8 M6L2!@Z p!d ↓M+6() . p3!@$# +M !N;(M $→% ?@+ ∂W→#+M : %1WJ! M0→$!D0bc→$

 .)6T∂8 p)!O>@+ p&v8 . �:e . �6lR8 ?L# 3+ FZ /!l1+ ＾+&#
 3+ ∂=R→# . 9:#!→% F3. F)&→% /)!0>→→8 ＾+&→→# $→→% ?@+ !N$→→23. 3+ ∂J:%&→→1 !→→( $→→23. : 6P%<→→: ?→→$C/

 .).M∂8 M!%$# M6L2!@Z ?:P&u
 U:→→→@ . !N−=O→→→% Q∂C7→→→(+ ＾!N,8&→→→1 Q9:#!→→→% q→→→% $→→→→% ?@+ ＾+pB→→→→2M+Bv'→→→→2 ~!→→→→r : Q-5%→→→→+ ∑"→→→→J

 .B26T∂8 ;l>8 FZ$# !N;L<#
 

!"#$%&' (%)*$+ ＾+-. /012+ 3%4+51+     6 7 6 7 8Ｑ
 (... . &#M!→→→→→# Q&#&P!L→→→→→8) g6→→→→→2 . ?:P&→→→→→u Q)+B0→→→→→→1 B(!→→→→→→# (�+&→→→→→→K M!70→→→→→→8) �+&→→→→→→K e f g f g f eＱ
 $AX![ H!fyK+ �!@+&# . p)672 9::0→1 Q∂→[+&→K $→:h.+ ;→[+&→8 M) +M F!7>G!→@ (＾!N)M6L2!→@Z
 ↓Bvf$# ∂7:Ar+ b(+&T !# o@!C>8 `35 H+B:v71 ∂C:#c:e .BC% ∂(!72!→- �aJ→8 9→(+ H+M&I→8 .

 .BT!#∂8 �+&K
 

q→→→→→% 3+ &>→→→→→→8 � 3+ c:→→→→→→# ?%&→→→→→→[ Us!→→→→→→r &:L→→→→→→8 /6→→→→→→K !→→→→→→# ＾!NF!7>G!→→→→→→@ M) g f g f g f eＱ
 .($IJK � 3+ c:# Ґ56708) BT!#∂8 ∂8+,h+ M6L2!@Z $:J01 ∂AX+ ＾).M.

 !→→1 $IJ→→K 9(&19:(!→→→e q→→→% 3+ ?%&→→→[ Us!→→→r &:L→→→8 /6→→→K ∂26<L8&:→→→j ＾!NF!7>G!→→→@ M) : 4FJK→→→0
 .(℮ ?@6:e) )6T∂8 $J@!a8 $IJK 9(&15!# q%            



&"345%&67   . - ,Ｑ
 

$!

3+ &>=:→→# . &>→→8 ^� ?%&→→[ &:L→→8 /6→→K !→→# !→→→( $IJ→→→K � ＾!NF!7>G!→→→@ M) i f g f g f eＱ
 &{→→→→→→2 3+ &→→→→→→k+ ∂>→→→→→→[ .)6→→→→→→T ∂C:#c:→→→→→→e M6L2!→→→→→→→@Z p!'>→→→→→→→@) .) ;→→→→→→→r+B→→→→→→→[ B(!→→→→→→→# ∂A→→→→→→→X+ ＾).M. q→→→→→→→%

 .B(!72 ?(!O% M6L2!@Z p!'>@) −( Q?:P&u . )+B01 H!J@!a8
 

q→→→% 3+ &>→→→→8 ^\ 3+ c:→→→→# ?%&→→→→[ &:L→→→→8 /6→→→→K !→→→→# ＾!NF!7>G!→→→→@ $:A→→→→% M) ℮ f g f g f eＱ
 .)6→T $:J0→1 B(!→# (&#)M!<→2+&→#) M!7:→# ;7→→[ o@!C→→8 M6L2!→→@Z p!'>→→@) −( ;→→r+B→→[ ∂A→→X+ ＾).M.
 x(.&→→@ +M H!IJ→→K $:A→→% . pB→→T zR=→→8 ∂>→→(�M ;#!→→r �6lR→→8 ?8y→→f !→→# B(!→→# M6L2!→→@Z 9→→→(+

 .BN)
 

B(!# QBT!#∂8 ∂8+,h+ !NM6L2!@Z !→( M6L2!→@Z )6→-. $→% ∂(!NF!7>G!→@ M) Ｑ f g f g f eＱ
 .BT!# +M+) +M M+BG&d ∂hBCX ;7[ ?:A#!r !NM6L2!@Z 3+ ∂<( ;r+B[

 
−( ;→→→→→→r+B→→→→→→[ )6→→→→→→-. Q$IJ→→→→→→K −( 3+ c:→→→→→→→# ＾!NF!>@M!7:→→→→→→→# F!7>G!→→→→→→→@ M) ⅛ f g f g f eＱ

 $>→→→→T+) )6→→→→-. o@!C→→→→8 M+BJ:→→→→T �W→→→→@ $%∂1M6→→→→X M) Q?@+ ＾M!J→→→→-+ &#?R→→→→→1 M6L2!→→→→→@Z p!'>→→→→→@)
 .)M+B2 )6-. `+,h+ 9(+ BT!#

 
. (∂>Jr+&8 ] ∂2!8M) ＾!N�&l1) �!G −:→P+&→1 ＾+M+) ＾!NF!7>G!→@ M) l f g f g f eＱ

 p!'>→→→→→@) −( ;→→→→→r+B→→→→→[ $:J0→→→→→1 Q$IJ→→→→→K −( 3+ c:→→→→→# 9:h6A0→→→→→8 . F+BC7h!→→→→→→@ ＾M+Bv'→→→→→→2 ＾!NF!<→→→→→→8
 .BT!# $>T+) )6-. o@!C8 M+BJ:T �W@ $<C(+ &'8 Q?@+ ∂8+,h+ &#)M!<2+&# M6L2!@Z

 
^ ] ^ ] ^ ] \Ｑ BC→# H+M&I→→8 /67=→→8 $→→% `6→→@ $>→→@) ＾!NF!7>G!→→@ M) m f g f g f eＱ

 Q?@+ ∂→8+,h+ M+BG&d ∂hBC→X ;7→[ ?:A#!→r !→# M6L2!→@Z p!'>→@) −( ;→r+B→[ )6→-. .BCT!#∂7→→2
 $>→T+) )6-. H!IJ→K $:A% M) M+BG&→d ∂hBC→X ))&→1 ＾+&→# o@!C→8 M+BJ:T �W→@ $%∂1M6→X M)

 .)M+B2 )6-. `+,h+ 9(+ QBT!#
 



!"#$%&' ()*+
 

$"

＾+M+) B(!→→→→→# B→→→→→→2M+) +M M+BG&→→→→→→d ∂hBC→→→→→→X ;7→→→→→→[ ?:A#!→→→→→→r $→→→→→→% ∂(!NM6L2!→→→→→→@Z n f g f g f eＱ
 :BCT!# &(3 H!lR=8

 .BT!# &>8∂A:8 \\ΩΩ * \℮ΩΩ : 9:#!% )!0#+ ;r+B[ ]
 .BT!#∂8 &>8∂A:8 �ΩΩ : ~M) 6T3!# �&f ;r+B[ ]

 .BT!# )BE8 $IJK 3+&1 U>L:@$# ,vE8 ]
 ~M) FB]T $]>L# ＾)!]f F!83 3+ &1∂256K HB8 ＾+&]# ~M) FB2!8 3!# $7%)$# ,vE8 ]

 .BT!#          
 

＾+M+) B(!→→→# B→→→2M+) +M (&#)M!<→→→→2+&→→→→#) M!7:→→→→# ;7→→→→[ ?:A#!→→→→r $→→→→% ∂(!NM6L2!→→→→@Z eΩ f g f g f eＱ
 :BCT!# &(3 H!lR=8

 .BT!# &>8∂A:8 \\ΩΩ * ^\ΩΩ : 9:#!% )!0#+ ;r+B[ ]
 .BT!#∂8 &>8∂A:8 �ΩΩ : ~M) 6T3!# �&f ;r+B[ ]

 .BT!#∂8 )BE8 $IJK 3+&1 U>L:@$# ,vE8 ]
 .BT!# ~M) FBT $>L# ＾)!f F!83 3+ &1∂256K HB8 ＾+&# ~M) FB2!8 3!# $7%)$# ,vE8 ]

 
＾+M+) B(!# B2M+) +M (&#?R1) M!7:# ?R1 ;7[ ?:A#!→r $→% ∂(!NM6L2!→@Z ee f g f g f eＱ

 :BCT!# &(3 H!lR=8
 .BT!# &>8∂A:8 \℮ΩΩ * ^℮ΩΩ : 9:#!% )!0#+ ;r+B[ ]

 ^\ΩΩ ~M) (6T3!→→→→→#) g!O→→→→→1M+ ;→→→→→r+B→→→→→→[ . &>8∂A:→→→→→→8 \�ΩΩ : ~M) 6T3!→→→→→→# �&→→→→→→f ;→→→→→→r+B→→→→→→[ ]
 .BT!# &>8∂A:8         

 .BT!# &:�>8 x2!%&P . �!>h. ?f&@ /&>C% U>L:@$# ,vE8 ]
 .BT!# )BE8 $IJK 3+&1 U>L:@$# ,vE8 ]

 .BT!# ~M) FBT $>L# ＾)!f F!83 3+ &1∂256K HB8 ＾+&# ~M) FB2!8 3!# $7%)$# ,vE8 ]
 M+&→→→→→r pB()S36→→→→→8Z F+&#M!→→→→→% M!:>→→→→→G+ M) +M M6L2!→→→→→@Z $→→→→→% BT!→→→→→# �6lR→→→→→8 B:A%$→→→→→# ,vE→→→→→→8 ]

 .BN)∂8          
 9(&><(),2$→→→# +M M6L2!→→→@Z Q�&→→→# �W→→→r `!'C→→→N $→→→% BT!→→→# ＾M+&W→→→|+ �&→→→# U>L:@$→→→# ,vE→→→→8 ]

 .B(!72 ?(+BN $IJK         



&"345%&67   . - ,Ｑ
 

$#

&{2B8 B(!# ,:2 x(.&@ ?:O:% Q?:7% &# p.yf −:→P+&→1 H!J@!a→8 M) eg f g f g f eＱ
 \ΩΩ &→→→N M) b@6>→→→8 M6K$→→→# ∂A→→→→X+ ＾).M. $IJ→→→→K 3+ M6L2!→→→→@Z ?%&→→→→[ $→→→→% ＾6a2$→→→→# .)&:→→→→k M+&→→→→r

 .)&:k HM6X M!#−( Q$:2!Y
 

$>→→→@) ＾!NF!7>G!→→→@ M) (!→→→N) M6L2!→→→@Z ~!R>→→→2+ ?v→→→- ∂(!→→→NM+)67→→→2 � ?@6:→→→→e M) : ＾+"?(,→→→→:
 .?@+ pBT p)M.Z !7CN+M F+6Cf$# `.)               

 
!"#$%&' :;4 ＾<%&=>%4' 2 ∂@+-A     B 7 6 7 8Ｑ

 (!N)M6L2!@Z ＾&:kM+&r �:aX ;a→8 B(!→# �+&→K :(%1)!"#$%→'( ∂J%;$%→T e f i f g f eＱ
 (!N)M6L2!@Z ?7@$# !v2Z ?(+BN . 9(&P!L8 B8Z . ?PM . ∂@&>@) ?h6v@ QF!7>G!@ −( M)
 M+&→→r F!7>G!→→@ ∂<:→→P+&→→1 . ∂>%&→→[ ,→→%+&→→8 !→→( ,%&→→8 M) (!N)M6L2!→→@Z $%∂1M6X$→→→# QBC→→→% 9::0→→→1 +M
 qA>R→→→→→8 �!I→→→→→2 3+ F+6>→→→→→# QM!→→→→→# !→→→→→( &P!L→→→→→8 ∂(!-$#!→→→→→- . ?%&→→→→→[ 9(&>7→→→→→% !→→→→→# $%＾M6K$→→→→→# . B2&:→→→→→→k

 .)&% +B:e ∂@&>@) !v2Z$# F!7>G!@
 

!NF!71M!→→→→eZ M) !→→→→( F!7>G!→→→→@ ＾).M. M) 3+ ＾.Mp)!:→→→→e $AX!→→→→P &�→→→→%+B→→→→→[ ! " ! " # " $ " !Ｑ
 .BT!#∂8 &>8 ℮Ω $IJK &N M) (!N)M6L2!@Z$# FBT M+6@ ＾+&#

 !( M!C% +M !v2Z F+61∂8 BT!# p!'>@) −( 3+ c:# (!N) M6L2!@Z )+B0→1 $%∂1M6→X M) : M $6N*→0
 .(\ ] \ ] � ] ^ ] \Ｑ ;<T) Q)+) ＾!- UN ＾.&#.M              

 
＾.Mp)!:→→→→→→→e $AX!→→→→→→→P $→→→→→→→% B26→→→→→→→T ＾M+}'(!→→→→→→→- ＾6a2$→→→→→→→# B(!→→→→→→→# !NM6L2!→→→→→→→@Z $ " ! " # " $ " !Ｑ

 .BT!# 9<78 ;r+B[ 9:#!% &N$# FBT M+6@ ＾+&# F+&P!L8
 

F+61∂8 BT!→# &>7→% !( p!'>@) $→@ (!N)M6L2!→@Z )+B0→1 $%∂1M6→X M) # " ! " # " $ " !Ｑ
 p!d .) M) ;r+B[ B(!# BT!# p!'>@) M!vd (!N)M6L2!@Z )+B01 &→k+ .)+) M+&→r p!→d −( M) +M !v→2Z
 M6L2!→@Z p!'>@) M!v→d &�%+B→[ BCT!→# p!'>→@) M!vd 3+ c:→# $%∂1M6→→X M) . B2&:→→k M+&→→r +,E→→8

 .B2&:k M+&r ∑&>=8 p!d −( M) BC2+61∂8



!"#$%&' ()*+
 

&Ω

.!"#$%&!'( ∂*!+&!, ＾!".&$+& , - , - 8 - . - ,Ｑ 012
 

∂>[+M$# B(!# x<0h!# . H!IJK$# (!N)M6L2!@Z 3+ )+&P+ �.&G . ).M. ℮ " ! " # " $ " !Ｑ
 M) !N∂-.&→→G . ＾).M. M) M!{>→→2+ ?v→→- ∂P!→→% ＾!w→→P . )&:→→→k HM6→→→X ∂>%&→→→[ ;→→→G+B→→→1 F.B→→→# .
 (℮]\]�]^]\Ｑ) /.B- M) �MBC8 )!0#+ nJK B(!# !NM6L2!@Z ;#!I8 ＾!N.&N+M .)6T $>P&k &{2

 .B26T ∂[+&K
 



&"345%&67   . - ,Ｑ
 

&$

#$%&!'( ＾!"＾/0#0 12!34 05"6# (782!9 :+; ＾!<'6#=" >$? !* @5;) :+; ℮ - , - 8 - . - ,Ｑ :;<=
 >&?@A&6 B4% 345%&67 3# ＾3DEFG&= HIJ&K ＾&"＾#;3; 0J&L+ ;M"D3 N?O

∂AB 782!9 :+; C6 5<D#E2 !* 52652
=" #!F9 #/ ∂"05D #/ 782!→9 :+→; 7*5<D#E→2 !→* 5<→4 H/Ｑ C6 5<D#E→2 !→* 5→265→→2

 (JFK!2 5<D#E2 .9 L6J9 5") M05D ∂&$A%4
 =" ＾0520# ∂"05D :+→→; 7*5<D#E→→2 N$+O→→4 !→→* 5<→→→4 P/H C6 5<D#E→→→2 !→→→* 5→→→265→→→2

 (JFK!2 5<D#E2 .9 L6J9 5") =" ＾0520# ＾!"#$%&!'(
∂AB 782!9 :+; 52652 H/Ｑ C6 5<D#E2 !* 52652

=" #!F9 #/ ∂"05D :+→; 7*5<D#E2 5→265→2 H/Ｑ !→* 5<→4 P/℮ C6 5<D#E→2 !→→* 5→→265→→2
 (JFK!2 5<D#E2 .9 L6J9 5") M05D #/ 782!9

∂&$A%458R
 ＾!FS<'6.2

 52TUB #$%&!'( =" ＾0520# ∂"05D ＾!"782!→→→9 :+→→→; 7*5<D#E→→→2 N$+O→→→4 C6 5<D#E→→→2 !→→→→* 5→→→→265→→→→2
 5<4 ℮/Ｑ 5S96JV W=" ＾0520#

∂AB782!9 :+; 52652 H/Ｑ C6 5<D#E2 !* 52652
=" #!F9 #/ ∂"05D #/ 782!→→9 7*5<D#E→→2 :+→→→; 5→→→265→→→2 H/Ｑ C6 5<D#E→→→2 !→→→* 5→→→265→→→2

 M05D
∂&$A%458R

 ... 0 X!<'#!+82
 #$%&!'( ＾6#6/

 52TUB =" ＾0520# ∂"05D ＾!"782!→→→9 :+→→→; 7*5<D#E→→→2 N$+O→→→4 C6 5<D#E→→→2 !→→→→* 5→→→→265→→→→2
 =" ＾0520#

＾!N.&→→N+M ∂→→[+&→→K ?v→→- ∂(!N$267→→2 (~) . (qh+) ℮ ] \ ] � ] ^ ] \Ｑ ＾!N;<→→T : ＾+"?(,→→:
 .BN)∂8 F!=2 +M M6L2!@Z F!8B:d . !NM6L2!@Z ;#!I8              

 



!"#$%&' ()*+
 

&&

.!"#$%&!'( 12!34 ＾!"05"6# #/ #!Y<&6 ＾!"!Z[ (PQD) ℮ - , - 8 - . - ,Ｑ 012
 

!"#$%&' (& ∂*%+$%,
!"#$% &#'()* + ,-*

./01 23#1 &#'()* + &

!"#$%&' -. ∂*%+$%,
!"#$% &#'()* + & 4 ,-*

!"#$%#) &#'()* + 5



&"345%&67   . - ,Ｑ
 

&'

!"#$%&' /0 ∂*%+$%,
./01 23#1678 &#'()* + ,-*

 !"#$% &#'()* + &
./01 23#1 &#'()* + 5

.!"#$%&!'( 12!34 ＾!"05"6# #!Y<&6 ＾!"!Z[ (R) ℮ - , - 8 - . - ,Ｑ 012

!"#$%&' !%12 ∂*%+$%,
!"#$% &#'()* + ,-*

 ./01 23#1 &#'()* + &



!"#$%&' ()*+
 

&℮

/!I>→→→→→→→2+ 3+ ＾&:k6A→→→→→→→- ＾+&→→→→→→→# ∂26<L→→→→→→→8 ＾!NF!7>G!→→→→→→→@ . !NF!>@M!7:→→→→→→→# Q!N;>→→→→→→→N M) : O $6N*→→→→→→→0
 . ))&→k ∂C:#c:e `35 H+B:v7→1 M6L2!→@Z ?%&→[ . )&%M!% 3+ ∂T!→→2 ＾+B→→X . &→→@               

 .BT!# M.) ~+6G !( ＾&>L# ＾!N�!1+ 3+ M6L2!@Z p!d               
 

!"#$%'( M%N     g f i f g f eＱ
 .)6T ∂[+&K ?f&@ . M) g62 Q9:#!% ?:P&u !# o@!C>8 B(!# M6L2!@Z p!d )!0#+ 

Qp!→→→→→→d )!0→→→→→→#+ ∂→→→→→→[+&→→→→→→K ＾!7C→→→→→→N+M QM!v→→→→→→d . .) ＾!N?@6:→→→→→→e ＾!N$=I→→→→→→2 . !N/.B→→→→→→- : M ＾+"?(,→→→→→→→:
 $-6→1 !→# .BCT!#∂8 ?f&@ . M) g6→2 Q9:#!→% )!0→#+ !→# o@!C>→8 −N!→d . $2!GM616→8                
 BCT!#∂→→8 ∂AA→→7h+9:→→# &J>0→→8 ＾!→→N)M+B2!>→→@+ !→→# n#!W→→8 M6%}→→→8 ＾!N/.B→→→- $<C→→→(+$→→→#                

 .B2&:k M+&r p)!O>@+ )M68 ∂[+&K M) ))&k∂8 $:X61                
 ＾!N;a→→→8 M) �+&→→→K BT!→→→# ∂C>→→→# M6L2!→→→@Z p!→→→→d �+&→→→→K+ ＾!→→→→NpM+6→→→→() $%∂1M6→→→→X M) : O ＾+"?(,→→→→:
 ＾+,→→→-+ ol→→→2 ?v→→→- �6lR→→→8 ＾,A→→→P ＾!N;:P.&→→→e !→→→→( ∂C→→→→NZ H!aO→→→→X 3!:→→→→2 )M6→→→→8                 
 BT!→# ＾,A→→P M6L2!→→@Z p!→→d �+&→→K+ p3!→→@ $%∂1M6→→X M) .B(!7→→2 ∂C:#c:→→e M6L2!→→@Z                 
 QB(Z ;7f$# F!7>G!→@ p3!@$# M6L2!→@Z ＾+,-+ /!l→1+ ?v→- 3̀5 ＾!N∂C:#c:→e                 
 ＾!N�?h6→→→→→→→→# !→→→→→→→→( 9>→→→→→→→→# �6lR→→→→→→→→8 ＾!N�?h6→→→→→→→→# 3+ p)!O>→→→→→→→→→@+ .(^ ] � ] ^ ] \Ｑ ;<→→→→→→→→→T)                 
 +M bJ1&8 ＾+,-+ &→# p)M+. ＾!N.&:2 ;7a→1 ?:A#!→r $% ＾&→-Z ＾!→NM+6→() �6lR→8                 
 QBCT!→→→→# ∂==→→→→% )&<A7→→→→f ＾+M+) +,→→→→-+ 9→→→→(+ $→→→→% ∂W→→→→(+&→→→→T M).BT!#�∂→→→→8 3!E→→→→8 B→→→→2M+)                 
 $>T+}k M!% 9># M) M+)∂CT!d ＾!N�CO1 ↔A:@.$# $% ∂CNZ H!aOX 3+ p)!O>@+                 

 .?L:2 3!E8 B26T∂8                 
 



&"345%&67   . - ,Ｑ
 

&Ｑ

.∂F<2 0 ＾E\[ ＾!"MC!'.2 !]&( >!^B6 ↓$`& 0 !"T9652 N6$&6 C6 ∂aU2 . - 8 - . - ,Ｑ 012
 



!"#$%&' ()*+
 

&⅛

(!)
(")

(#)

T8[5b !2 c'!F<4 782!9 TV!%4 5S96JV (PQD ) , - . - 8 - . - ,Ｑ :;<=
 (SJM+M@+) HIJ&K <IT+ UV&5+ MWKD<V (XMY4ZIK) XM= - UI[M\

Ω/ef HΩΩ
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Ω/fΩ PPＱ
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H/HΩ efＱ
H/Hf ℮ΩΩ
H/eΩ ℮ＱΩ
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 T&>C<f TZ+aU:< T&B→E �4I +→, e1+)K→. ∂D4→, &BE eb→% ＾+3\{D ^Hj→U ^,+→D ＾C45% C V+HKW+→1
 Rf+→→1 |<4→→9 J51()@→→. <zm .(*+,∂→→. 7C+aK→→. TR(%f+→→1 !'4→→* k1G→→U R;+aK→→1< ;:G→→. /m+b→→→. ZG→→→%
 Tc o Ｑ o g o nＱ ()→→→, w"→→→9 &B→→→E �4→→→I \+]K→→→→%< C &→→→→>C<f C Z+a→→→→U:< V;GH→→→→% �]L→→→→. f< pE (>+→→→→,
 &"1+j. :; C R;GH% zW< ∂D4, &BE R(%f+1 4"K[. ＾+3!'4* f< <: +@%O 4y< ^j→. C +3C45→% V<Q5→.

 .()>+H% �+jm Rf+1 ∂N<49 C
 

!1;&, 4→>f �G.4→→= f< ＾:G�→→U 4F→→% f< !I+→→1 :; ;<4→→=< ∂>+?&,+→→? !5=4→→` # " Ｑ " $ " !Ｑ
 ＾<4→, ∂>+?&,+→? !5=4→→` (c o Ｑ o g o nＱ) �C(→→? J5)�H→→3 .(c o Ｑ o g o nＱ ^Y→→*) (>O∂→→.

 .(3;∂. V+L% <: �GH[. ＾+3&BE �4I C +3!I41
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Ｑ'

١K =

!/١K =

٢K =

:VO :; &'
 !I+1 :; R(* +?&,+? ;<4=< ;<([U Ct=

(&5%+y 4, 4K.) &BE !'4N !I41 V=

&BE �4I +, e1+)K. e>4� K=

!I+1 :; 4a% )h/P(=

:(*+, (&BE 43 ＾C: 4a% n) 4K. Ω/⅛ &BE �4I &'∂U:G} :;
 :(*+, (&BE 43 ＾C: 4a% n/Ｑ) 4K. Ω/� &BE �4I &'∂U:G} :;

 :(*+, (&BE 43 ＾C: 4a% c) 4K. n &BE �4I &'∂U:G} :;
 

. (K >/#A) B= C#D .$ >E.F79 %&' #: ＾,2 1<#5< 1<GHI 9 - Ｑ - . - ,Ｑ 012
 

!ΩΩΩmm #$% &'(
K=) #$% '* ＾,- './ )

⅛ΩΩmm #$% &'(
K=! #$% '* ＾,- './ !

1ΩΩmm #$% &'(
K=!/Ｑ #$% '* ＾,- './ !/Ｑ
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⅛Ω

∂"#$ %&' ∂/.+%$.+ J?5#K 9 - Ｑ - . - ,Ｑ <=>?
 (5@+) 78' A5B (7C%&D 56 5@+) ∂+&% EB5F

Ω/Ｑ Ω/⅛Ｑ Ω/OＱ
Ω/⅛ JD.E 21 #PQ ℮ＱΩΩ JD.E 21 #PQ ＱSＱΩ JD.E 21 #PQ ⅛OＱΩ
Ω/S JD.E 21 #PQ ⅛OＱΩ JD.E 21 #PQ SOOＱ JD.E 21 #PQ TΩTUＱ
TJD.E 21 #PQ VΩΩΩ JD.E 21 #PQ TTOΩΩ JD.E 21 #PQ TWＱΩΩ

−3+� !@? rfi ＾+3∂)5,_5E (>+→, ∂D4, &B→E eb→% ^j→. ∂→N<4→9 :; ! " Ｑ " ! " $Ｑ
 w"→→→→→9 :G'z→→→→→. −3+→→→→→� Z+a→→→→→U:< C ;+[→→→→→,< T;45→→→→→X :<4→→→→→D 4F%(→→→→→. ∂D4→→→→→, &B→→→→→E Z+a→→→→→→U:< C ZG→→→→→→% +→→→→→→, e1+)K→→→→→→.

 .;;4X∂. ∂N<49 ∂D4, &BE R(%f+1 ＾+3!'4* ＾+3�C(?
 

!"#$%"& '("& )* ∂,)* -./ 01)2345     ⅛ 7 8 7 9Ｑ
 :; (>+→, ∂D4, &B→E !'4N C VfC f< ∂*+→% ∂Y5.+)→>; C ∂Y5U+K→→1< ＾+3C45→→% $ " ⅛ " ! " $Ｑ

 .(%45X :<4D 4F% ;:G. V+HKW+1 Rf+1 ∂N<49 C &"1+j.
 

C &"1+j→→. :; (>+→→, ∂D4→→, &B→→→E :GUG→→→. �+[→→→U:< f< ∂*+→→→% ∂Y5.+)→→→>; 7<45y�→→→U & " ⅛ " ! " $Ｑ
 .;G* &K=4X 4F% :; ∂D4, &BE R(%:<(@S% Rf+1 C V+HKW+1 Rf+1 ∂N<49

 
C «V+HKW+→→→1 4→→→, ;:<C ＾+3:+→→→,» 2L→→→* �j"→→→→. 7<:48→→→→. C k→→→→,<G→→→→� !>+→→→→I: ! " ⅛ " ! " $Ｑ
 ∂→.<Qm< ∂D4, &B→E ＾<4→?< C ∂→N<4→9 T&"1+j→. +→→, �+"→→U:< :; V+HKW+→→1 ∂B→→. 7<:48→→. �N+"→→. 4>+→→1

 .!1<
 

∂"#$ %&' ∂() *+,-./     0 1 2 1 3Ｑ
 .(*+→→→, &K→→→*<; <: i+→→→, C J5>+→→→E !@→→→? C; :; !'4→→→N !5B,+→→→D (>+→→→, ∂D4→→→, &B→→→E $ " ' " ! " $Ｑ
 ∂D4→→→→, &B→→→→E �G�#→→→→. C 258→→→→. J5#)Y→→→→U ↓(@I&→→→→, ;<4→→→→→=< ^.+→→→→→' &5B]→→→→→U f< pE !'4→→→→→N !@→→→→→? 455�→→→→→U

 .(*+, 455�U ^,+D J>4=+#. k1GU (>+"% !'4N !@? .(*+,∂.
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∂D4→→→, &B→→→E ∂?C4→→→W C ＾;C:C :; !]→→→U &B→→→E ℮ 4x→→→'<(→→→N C c ^→→→D<(→→→→N (>+→→→→, & " ' " ! " $Ｑ
 4K. ⅛ f< _5→, ∂D4→, &B→E Z+a→U:< &'∂U:G→} :; .;;4X ∂)5,_5E ;<4→=< V(→* R;+5E ^5@#→U !@→?

 .!1< ∂.<Qm< ∂D4, &BE ∂?C4W C ＾;C:C :; !]U &BE g &5"[U (*+,
 

p)→→→→→→→→? .()*+→→→→→→→→, &K→→→→→→→→*<; ;G→→→→→→→→?C u4→→→→→→→→9 C; :; (>+→→→→→→→→, ∂D4→→→→→→→→, &B→→→→→→→→E ＾+3R;4→→→→→→→→→% ! " ' " ! " $Ｑ
 ZG→→% f< (>+→→, (*+→→, &L5→→* +→→3R:<G→→→>; J→→→>< p)→→→? &'∂U:G→→→} :; !1< QB→→→= ҐiGH[→→→. +@→→→%O ＾+→→→3R:<G→→→>;

 .(*+, !.+]� 4K.∂B5. ⅛ ^D<(N C ∂=+' ∂Y5%+Y. !.C+8. +, ∂)H>< &L5*
 

7+8"→→→→9 ∂8→→→→→=< /01&→→→→→, V(5→→→→→1: f< pE (>+→→→→→, u4→→→→→9 C; 4→→→→→3 ＾+3R;4→→→→→% ! " # " $ " # " !Ｑ
 .(),+> &.<;< 4K.∂B5. gΩΩ ^D<(N

 
＾+3&%<(%; ^Y* +, e1+)K. ＾+3&%<(%; +, T25F)U ^,+D ＾QB= !,+y &%+→* ℮ " ' " ! " $Ｑ

 .;;4X eb% (>+, !,+y 7:G}&, ∂?C4W C ＾;C:C !H#D :; &H#U +> &BE
 

&BE !'4N !@?23 C ∑4jK. (>+, &BE u49C; ＾+3R;4→% ＾C: R45SK→1; Ｑ " ' " ! " $Ｑ
 .(*+, (}:; ± c 4x'<(N ＾:<;<C: +, &BE !'4N !I41 4,<4, VO !'4N !I41 C R;G,

 
:;) u<4→→→→→9< �%+→→→→→. +→→→→→> R:<G→→→→→>; C R45SK→→→→→1; ∂?:+→→→→→W ＾+3R:+)→→→→→' J5→→→→→, &B}+→→→→→→= ⅛ " ' " ! " $Ｑ

 .(*+, 4K.∂B5. �Ω f< 4KH' (>+"% (;G?C 7:G}
 

_5, (>+"→% +@%O ＾:+)→' �+a→N C +3&B→E J5→, &B}+→= +→> C +3&B→E J5→, &B}+→= ' " ' " ! " $Ｑ
 .(*+, 4K.∂B5. Ｑ f<

 
f< ＾45XGB→→→→→→→→? C ＾�4→→→→→→→→%< ∂>G?&=4→→→→→→→→→} !@→→→→→→→→→? −5→→→→→→→→→=<4U2→→→→→→→→→' ＾+3V+Y→→→→→→→→→. :; ) " ' " ! " $Ｑ

 &5B→→' &→→' ;;4→→→X &5"[→→→U VO ∂?C4→→→W +→→→> ＾;C:C ＾GB→→→? :; ∂j0#→→→. &ja→→→} ∂D4→→→, &B→→→E ∑{@K→→→1<



!"#$%&' ()*+
 

⅛*

^,+→→D ＾+34S1+#→→→N< &ja→→→} J→→→>< 4→→→>f :; .())'∂→→→. :G"→→→I VO ＾C: f< �C4→→→W C ;C:C r+S)→→→3 ;<4→→→=<
 (&85→→→D; nΩ +→→→U &5%+→→→y nΩ 25F)→→→U ^,+→→→→D ҐiGH[→→→→.) ∂)5[→→→→. V+→→→→.f 4→→→→X< &→→→→' ;G*∂→→→→. eb→→→→% ∂H5F)→→→→U
 ;(M. !'4N ＾<4, .;G*∂. �DGK. :+';GW 7:G}&, &BE !'4N (>+H)→% :G"→I VO ＾C: f< ＾;4→=
 ∂D4→→→→→, &B→→→→→E Z<G→→→→→%< f< ∂�[→→→→→, :; .(>+H→→→→→% :G"→→→→→I VO ＾C: f< r4XGB5→→→→→' nＱ VfC +→→→→→, ＾;4→→→→→→= !1< ∂=+→→→→→→'

 .;G*∂. R;+aK1< ∂Y5%C4KYm< 2L� f< &ja} J>< ＾+?&,
 

∂;#<1 = ∂;> ＾"@AB"CD     E 7 8 7 9Ｑ
 .;;4X eb% �=+j. ∂D4, &BE C ∂%+DG= &8"9 �81 4>f &*GX $ " ) " ! " $Ｑ

 
＾+32K#5→→→→→→1 &5B→→→→→→' ;4YBHI&→→→→→→, !"#→→→→→→% (+3)∂D4→→→→→→, &B→→→→→→E ＾f<(→→→→→→→%<R<: f< ^"→→→→→→→D & " ) " ! " $Ｑ

 .;GH% ^}+N V+)5H9< (>+, ∂)H><
 

�=+j→→→. (>+→→→, &B→→→E u4→→→9C; ＾+3R;4%&→→→, R45SK→→→1; �C4→→→→W C ;C:C ^j→→→→. :; ! " ) " ! " $Ｑ
 .;GH% &5"[U ∂?:+W ＾+5*< +> !LS%< +> !1;

 
:;) ∂D4, &BE ∂B. ＾+3;:<(%+K1< +, w,+0. Q.4→U 2K#51&→, (>+→, ∂D4→, &B→E ℮ " ) " ! " $Ｑ

 ＾+0W &%GX4→3 fC4→, 7:G→} :; C (*+→, Q@M→. ∂BB→Hm<J5→, 4"K[→. ＾+→3;:<(%+K1< +→> (;G→?C 7:G→}
 .(>+H% �DGK. :+';GW :G9&, <: &BE !'4N r<:O 7:G}&, C ;;4X �+[= (>+, ∂D4, &BE Q.4U T∂D4,

 
_3+' +> ;+>;f< �5]LU !@? (4%:C+→X) !I4→1 ∂Y5%+Y. R())'�4K)→' Ｑ " ) " ! " $Ｑ

 .;;4X ∂)5,_5E ∂D4, &BE :+KW+1 :; (>+, f+M. !I41
 

:; ∂K→>�: ^,+→D �%: Q.4→D &H'; ∂D4→, &B→E !'4→N ＾:<40→�< �DG→U !@→→? ⅛ " ) " ! " $Ｑ
 .;;4X eb% (>+, ∂D4, &BE ∂?C4W C ＾;C:C !1<: !H1 J5>+E &*GX
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C +3&B→→→E J5→→→, +→→→> +3&B→→→E J5→→→→, ∂[%+→→→→. V;4→→→→' 45→→→→X T&B→→→→E JK#Y→→→→* r+S)→→→→3 :; ' " ) " ! " $Ｑ
 ＾+34S1+#→→→→→→N< ↔B51C&→→→→→→, (>+→→→→→→, 4S>(H3&→→→→→→, +3&B→→→→→→E �+b→→→→→→U< 45M→→→→→→%f V(→→→→→→* R:+→→→→→→E C ＾<&%+→→→→→→* &ja→→→→→→→}

 .;;4X �DGK. &BE !'4N &%+X<(?
 

(>+"% 4K.∂B5. nΩ f< VO wHI C 4K.∂B5→. d +→U Ｑ f< &B→E 4→3 :+5→* �4→I ) " ) " ! " $Ｑ
 .;G* ;<4=< V;:GW Q5m �%+. (>+, &BE /01 .(*+, 4KH'

 
.(*+,∂. 4K. Ω/g� wHI 4x'<(N C 4K. Ω/c℮ &BE 43 Z+aU:< 4x'<(N * " ) " ! " $Ｑ

 
∂>+)→→→→→*C: +→→→→→, ;4':+→→→→→' 7+I+→→→→→1 &5B→→→→→' :; (>+→→→→→→, ∂D4→→→→→→, &B→→→→→→E ＾<Q→→→→→→?< 41+U4→→→→→→1 $Ω " ) " ! " $Ｑ

 .;G* J*C: p'Gm Ｑ℮ f< _5, !W<G)Y>
 

C !>�: ^,+→→→→→→→D ＾+3GB,+→→→→→→→U (>+→→→→→→→→, ∂D4→→→→→→→→, &B→→→→→→→→E ∂?C4→→→→→→→→W C ＾;C:C /0→→→→→→→→1 :; $$ " ) " ! " $Ｑ
 :(%G* eb% 4>f R()3;:<(L3 C ∂)H>< 7+Y% ＾C+N ∂.C+8.

 &?GU o �m<
 ;<4=< :G"I tGb].  o \

 .(5*+, ;GW V+';G' e`<G.  o �
 .(>45S, <: +3R45SK1;  o 7
 .(5)Y% &5YU +3R:+)'&,  o �

 
＾<:<; (>+→→, (→→%:<; 45H[→→U +→→→> ∂1:f+,&→→→, f+5→→→% &→→→' ∂D4→→→, &B→→→E ＾+3+�→→→= r+H→→→U $& " ) " ! " $Ｑ

 .()*+, &K#, ＾;+I k><4* :; &' ()*+, ∂>+3:;
 

567 8$+9/ :; <=+>?     @ 1 2 1 3Ｑ
 V+HKW+1 !`+aN o V+HKW+→1 ∂B→. 7<:48. rG→1 �j"→. 7<:48→. !>+→I: $ " * " ! " $Ｑ

 .(*+,∂. ∂.<Qm< _], J>< 7<:48. !>+I: 4, RC{I w>4N ^,+8. :;
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w>4N&→→→→, rC+8→→→→. ;<G→→→→. f< (>+→→→→, ∂D4→→→→→, &B→→→→→E ∂B→→→→→}< ＾+3＾:+@.4→→→→→>f C +3R:+)→→→→→' & " * " ! " $Ｑ
 .(%G* &KW+1 

&8"→→→→→9 C; f+→→→→→, �+8→→→→→% :; V<GU∂→→→→→. ;C; +→→→→→→> _UO ＾+3&B[→→→→→→* �Ga→→→→→→% f< ＾45XGB→→→→→→? ＾<4→→→→→→, : ＾"#$%&→→→→→→(
 &→→' (%G→→→* &KW+→→→1 ＾Gj%&→→→, +→→→3:; J→→→>< (>+→→→, 7:G→→→} J→→→>< :; .;GH→→→% &5"[→→→U <: ∂>+→→→3:;               

 .()*+, V(* f+, ^,+D u49 C; 43&, ∂KN<:&, V<4=+#. V(51: �j.&,               
 

J→*C: f< ^"→D T�G→= ＾:CO;+→> ZG�G→. w>4N(� ＾+→3:; ;G→?C 7:G→→} :; ! " * " ! " $Ｑ
 .(>+H% ^}+N V+)5H9< +3:; J>< V;G"% ^aD f< (>+, &9G,4. �G�#. T∂D4, &BE V(*

 
(*+, R(* &5"[→U ∂D4→, &B→E u<4→9< :; w>4→N r{I< 2K#5→1 &'∂U:G→} :; ℮ " * " ! " $Ｑ

 &B→E T+@→%O ;4YBH→I r+S)→3 &→' (*+→, k"U4. ∂D4→, &B→E �4K)→' 2K#51&→→, ＾Gj%&, ;;4X∂→→. &5}G→→U
 ViG�#→→→. (>(N{→→→} 7:G→→→} :; C R(→→→* �DGK→→→. V+HKW+1&→→→→, ;<4→→→→=< ;C:C +→→→→, !@?2→→→→3 ＾+3∂D4→→→→,
 :; �G�#→→→. ;<4→→→→=< k1G→→→→U +3&B→→→→E &5B→→→→' T«+3∂D4→→→→, &B→→→→E f< ;<4→→→→=< ^.+→→→→' �C4→→→→W f< pE» ∂%+L→→→→%_UO

 .()>+H% !'4N C R;<; !@? 455�U V+HKW+1 f< ;<4=< &5B]U !@?
 

＾:BCDEF G ＾#HI8JKL6     3Ω 1 2 1 3Ｑ
 C (;G?C 7:G} :;) V<4>< ∂B. ;:<(%+K1< k→,<G→� w,+0. (>+→, +3∂D4→, &B→E $ " $Ω " ! " $Ｑ

 .()*+, R(* &KW+1 ∂BBHm<J5, 4"K[. ＾+3;:<(%+K1<
 

C eb→→% f< pE (+3)∂D4→→→, &B→→→E rC<(→→→. C JH→→→>< T/5j→→→} ;4':+→→→' !5mG�#→→→. & " $Ω " ! " $Ｑ
 J5mG�#. +> J51()@. ∂mC T(*+,∂. VO R()*C4= :+Y%+H5E +> R(%f+1 !'4* ↓(@I&, ＾f<(%<R<:
 :; �:()→→→→. ∂)→→→→= C ∂)H→→→→>< ;:<G→→→→. 4>+→→→→1 C 7<:48→→→→. J→→→→>< ;+a→→→→. w"→→→→→9 (>+→→→→→, +.4=:+→→→→→' +→→→→→> ＾:<;4,R4@→→→→→,

 .(%:<; !5mG�#. &)5.f J>< :; C (%45S, ^>GjU <: ∂D4, &BE TR()*C4= 7+b]L.
 

+> R()*C4= k1GU 7<:48. J>< :; �:(). ;:<G→. f< −>4→3 &'∂U:G→} :; ! " $Ω " ! " $Ｑ
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∂D4→→→→, &B→→→→E ＾45X^>Gj→→→→U (*+→→→→, R(L→→→→% !>+→→→→I: ∂%+HKW+→→→→1 ;:<G→→→→.  +→→→→> C ∂D4→→→→, &B→→→→E R(%f+→→→→1 !'4→→→→*
 .!1< �G"D ^,+D456

 
(>+→, VO 2F)→. ＾+3p>C41 C ＾:<(@S→% T∂D4→→, &B→→E ＾45X^>Gj→→U f< pE ℮ " $Ω " ! " $Ｑ

 ↓(@I&→→→→, p>C4→→→→1 r(→→→→I f< ∂*+→→→→% �+Y→→→→*< &%GX4→→→→3 .;G→→→→* &K→→→→*<z→→→→→X |{b→→→→→>� ＾+3!'4→→→→→* ↓(@I&→→→→→,
 J5mG�#→→→→. ↓(@I&→→→→→, !5mG�#→→→→→. T＾:<(@S→→→→→% ;<;:<4→→→→→D (8→→→→→I r(→→→→→I 7:G→→→→→} :; C (*+,∂→→→→→. R(→→→→→%:<(@S→→→→→%

 .(*+,∂. +@%O ∂%G%+D V+X()>+H% +> V+HKW+1
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!"#$%     & ' ℮ ' &Ｑ
 !→→→# $%&→→→'() *+,→→→-) %→→→. /)0'!→→→1 234→→→5 (6 6)0→→→7) 8%9,→→→:) ;<→→→= ＾)?@A→→→5B ∑0D,→→→E (＾%1)B(F6%A→→→G
 6)0→7) 8%9,→:) %→. H.0→- ∂,→56 ＾%1J0→K %→. ∑63→# %→L F)0M1 F6%A→→G 6)0→→7) 8%9,→→:) ;N3<→→5 OHPQ%L∂→→E
 B %1F%RQB0→→→→→7 (6 S%→→→→→→- ＾%1T%UE?→→→→→→L 6)0→→→→→→7) ;.)H→→→→→→1 OTV TBH→→→→→→L %→→→→→→. ()H-0→→→→→→K ∂NHP→→→→→→W %→→→→→→L T)3'%→→→→→→:
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!"# $%&'(Angle of Inclination

)"*+, -"./ 012Available car area

 3"4$*35 Buffer

 )"*+, Car, cabin

)"*+, 67Car Door

)"*+, ∑9%Car frame, car sling 
)"%+:$* &6 ),;<=Collective down

∂*+?@A' ),;<=Collective selective

B+*$* &6 ),;<=Collective up

C*+D $A+#Comb

(E'3F= GHI* J"2) E'3F= 3"KA(Compensating Chain or Rope

(∂LL,) M7+NO $A(&Counter weight

∂%+:32 E+/67 ＾+QE+@26+<"*Day Hospital-Day Clinic

R67 E-# $@H* ∂AB9S T-/Door open with extended time

)"/( M+UO'Earth

 69HA+2VElevator, Lift

∂W3* $X:Escalator

6+,3: ∂X"YExtra-Heavy duty

E+LAZOV -"X,Fireman Switch
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!$Ω

∂Q&34 ∂A'9Y'3[Group Control

+<\Q'6 ＾+QG%6Guide Rails

 ]3"^@27 Handrail

 ＾32B+*Headroom-Over Head Space

 6+,3: Heavy duty

∂I"_&6-"Q 69HA+2VHydraulic Lift

＾'$`a_ +% ∂AVInstantaneous

3"4$*35 +* ∂AVInstantaneous with Buffer

T+bFS ＾+Q67Landing or Hoist way Doors

69HA+2V M3@\, 9X*+OLift Control Unit

 $A+Y69O9/ Machine room

＾7&6& ∂Xc' $bFSMain Floor

∑3a@/ &6]7+":Moving walk-Auto walk

∂/+A Cd32Nominal Speed

]-%7e(9/V E'3*6+, -"X,Operator key switch

6+* $[+5' J@H"2Over Load

(+*&6 f"a/Outdoor

Cd32 ∂I"A+I/ ]-\\,M3@\,Over speed governor

 −Q+hPit

 ∂K%6-OProgressive or Gradual

()O+* e9:) ]7+2Push button

+QG%6 ]-A6'-i^ARail brackets

∂/+A Cd32Rated speed

7-K/ E-# $bFS ('3ORe-Leveling

E+\"<S' 3"#Rupture valve

T9#'6+: J@H"2Safety Gear System

 6+,3"<NOServiceman

 ]+hShaft-Hoist way
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∂"#$ %&' ＾)* +,#-, .+/012, 345 6%&' Step

∂7#$ 389:#7Tower crane

∂;;< *=1>/?@Traction Lift

A<#B #815 C=DTravel length

#8E05 F>/<#- ) G/0H)ariable Voltage-Variable Frequency (VVVF)
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1- BS5655, Part 1 (EN 81-1): 1998-Safety rules for the construction and
 installation of hydraulic lifts.
2- S5655, Part 2 (EN81-2): 1998-Safety rules for the construction and
 installation of hydraulic lifts.
3- EN115, November 1994, Safety rules for the Construction and installation of
 escalators and Passenger conveyors.
4- ISO 90-1982-Passenger Lifts and Service Lifts.
5- Uniform Building Code, UBC/1997.
6- ASCE Standard (ASCE 7-95); “Minimum Design Loads for Buildings and
 other Structures”; American Society of Civil Engineers, 1995.
7- American Society of Mechanical Engineers; ASME A-17-1; “Electric
 Elevators”; Parts I and II.
8- International Code Council; “International Building Code”; First Draft;
 November 1997.
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1- Yanovsky, Lubomir-Elevator Mechanical Design, Ellis Harwood-1993-
 Second Edition.
2- Uawking, Roger-Lift Modernization Guide, Elevator World-1998.
3- US Army Corp of Engineers; “Technical Instructions: Elevator Systems”; TI.
 810-90; August 1998.
4- International Conference of Building Officials; “Uniform Building Code”;
 19970.  




