(
WXYIZ)[X\
H%6#%&&3#%6( !,#&%,&

W Journal of Engineering Science Redi@@@ROBDIY6 18 18.,9%-1-6J()8CHEK

I"#"$%&Y) %o +&(" (FRRKT'#96K

I"HSSI&I&H+,"H-0(.-&SSH, #EUH(" & &/ (0/1"BEHY$S-3,8*(Y0, 38" &(-45-"#"&(.~+5/#%6(

7&14' (
(
891%6:#(;+<CHEA&H#3-%6(BE()1%(;&(1%*(E#1-(891%6
I
"HSY0BEB(1H)¥)%!+,),&&-),".1/0,1,1#)2314,)*&-5)23.16)31,17"8999.1#:),1 !
1<&31=1>$-1281$(1<&317@:,$%$")&5$(IA))21%!4-B010-19%!DE12) 19%!F%1,,), 1$(1/0,1, IF-$*UB&, 1#)2314,)*&-5)23.16)31, !
7"8999.1#:),1!
8GIHO01%!),,$*12)$,|E%12($-1!@$1>),), IE-$SHN@HO@12)$,!11,HI-&581-@:10)2:15@)& @&!1,HI2&@:,$%$'3!$(12:8! @$,52-8(@2)$,!), H052-3!
/0,1,!F-$ *),@&6)31,'17"8999.1#:),1 !
H$06%&'&HM%!+,),&&-), 1/0,1,14,)*&-5)23I$(ID@)& @&!1,HI?&@:,$%$'3.1K)1,'21,17":9" I#(),1
1"&"+-".( /0 (1$%&(232/ 4()&&"5*" (26(1$7 (232/ (
888888858888888858888888888888888888888888883888888883888888883858888888338858338388
!
"#$9%& (%
|
9™ (5,8 00"+ <=0%&".(&=;&%" " (&=>5=H#+*"(&=75,+,@(A"$>H#(BICIDHE('S-"($(F+."(%$;@" (=<($55, +&$*+=#(+;(#"$%C&=
2% H'-"%S$ ¢ $;FS@ HH(HP&!(SH("SH'(=<( &= %28 +=( $;.('+@'("$%M12$"( Yo" HHS; & (G BSE:HAK (L'
Vo 2&H+=;(&="<<H&H" FH(F+&(S<<"&FH(*" (" +H>+&(V"HE=#"($;.(+:*"%;$, (<=%&" (HF VYot AP*+=; (=< (*" (#062&*2%"H(+#(:
BB $5=@( (17> %=2H( + UGB 8=75,+ @ ( A"S>HK(M=F"0oH(*("Ner#*+,@( 83,82 $+=1(>"'=.#( <=%( *"(
B <" 28 & <<HEA"H (=< (8=75,+; @ (A"$>H(.=(;=*($55, 7 (*=(ICIDH(. 2" (*=(*"(+<<"%%",&"#(+;(>"&'$;+&S, (>"&'S; +H#>H#H|
$1.(E(ZF"Go(#52.7(=;(F" (HH+<< " HH( %" 28+=(&="<<HQEWH('SH(A™;(%"5=%%*" K () (#+>5,+<+" (L% (>=." (
FSH(&Y"$H" . (*=("<<"BTELU+>F " (<< "HH (%" 28*+=;(&="<<+&+"*(=<(ICIDHH(*%=2@'(>=." ($;$, TH+H#H($;("1 2*+=;(*'$*
&S (&=>5%"" #+-" T(%"<,"&*(*"(+:<, 2" &+, @ (<B&*=VHEHHES+ EH @+*2.+5, (%" +,<=%&">"*(%$*+=H(#*" (5,$*"(%$*+=H(
# (5,84 "5FH($;. (&= &Y B=>5%"HHH %", @ (FSH(5%=5=#" K(L"(5%=5=#".("|2$*+=;(F$H#(-"Yo+<+".(AT(&=>5$%+#=;(
F4x ("N @ (NS %o+ >"*$, (%" #? K (L™ (5$%$>"*"06($;$, THHH(S;. (" (8=>5SU NI (M 2.+"H(=; (=" (#+<<;"##K(
0" 2&F+=(&="<<H&H"H(=<(&=;-" 4=, T (Vo &< R (&5, +, @ (A"$>#(BDDOHE (F"%" (8&$%%0+" (= 2*K(I"#? *#(#'=F (*$*(
KL< (" P& (8" <<HEA" (=< (ICID(HH(S<<"EX" (AT($,,(*"(+<,2" 8+ @ (<S&*=UBHB', B (KSR S&/
SRR (L™ (+7%6B&* = BE(A™ ™ (" (H*+<<; " HH(%" 28 € =& RN <(BB(S,. (" (+,<,2";&+; @ (<B&*=YoH (+H(#+>+ $%(*=(
Gx(=<(DDOHK (L™ (H*+<<;"HH(%" 28*+=;(&="<<+&+";*(=<(DDOH(+;&Y"SH"#(F+* (" (#"$%(>">A"%6(&=H(FBE*+ %% ?5(%$
H*(=<(OCIDH(." &6 H H(F-+* (" (+:8%6"$H" (+1 (H"$Y6(>">A"%(&=*"*(BHEH (EB=—"$* (*" (9CI D($H($($% @" (#5$;
B QpFH+=K (L +HH(#2.7(&$; (A" (24" (SH(S(%"<"%";&" (<=%(*" ($55,+&$*+=;(=<(ICIDH(S;.(*"(#"+H>+&(=5*+>+P$r+=;(."#+
#"$UGRIRS, #K
E <&3I$-HB(0™ (5,3 %" +;<=%&".(8&=;&%"*"(8&=75, +; @ (A"$>4(#*+ <t SR REBMHI YD, *+"(>=." A("<<"&*+-"(Hr+<;"H##
( 88888888838888885888888888888888888388888888888888888388888888888888888888888888888888858888
!
<RG%"3-*+,"#-U R e (

( 98/=,$%H( '$-"( 5"%<=%>".( $( #"Yo+"H#( =<( #*2.+"#( =;( *"(
9" (5,$*1 06" +;<=0%&".( &=;&%"*"( &=>5=H+*"( &=25,+@ ( A*S=H{HH( %" .28 +=;( &="<<+&+";*( =<( &=75, (- {RUIBRE>#
BOICIDHE( '$-"( #'-"%$,( $.-$;@"#H( #2&'( $H@'( #"$%( M=F"-"%H( *"( $-$+ BA,"( &$,&?,$*+=;( >"*'= #( S9! (
&SES&ATH("$HT(*=(5%=.2&"H($:.(#*%=;@(";"%@7( &=FP>5{EH((*"( &=;-"7*+=8,,7( %"+;<=%&".( &=;&%"*"( &=75,+,@(
$A++T(QIRK(L"(ICIDH(&S;("<<"&*+-", T(+>5%=-"(*"(#"+M:56&( BDDOHE($;.6@=;$,,7(%"+%&".(&=;&%"*"(&=25,+@(
5"%6<=06>$;&" (=<(#"$%GE=H"(FEHES: (+:8%"$#+ @ (;?>A"BEG>#( BVDOHEK( L"(>"&'$;+8&$,( >"&'S;+#>( =<( 9CIDH( +#(
=<(H&'=,$%0H('$-" (5890 +&+5$".(+,(#*2.7+,@($;. (@ +; @H<<"%"*(<%=>(*$*(=<(DDO#($;.(VDOH#K(M",&"H(*"'("N+#*+,@(
L"(%"&"*(%"#"$%& (QR(=<(IC! DH('$H(&=;&"*%$*".(=;(*" (8,82, $*+=;(>"'= #($Y6"(@L&* +-"(<=06($&&?%$*", 7 (5%" . +&*+@(
FEH&( A"S+=%( =<( #"P%( &$EB&HT( $;.( <=UIBAEES HH( %" 28+ =( &="<<H&H"H (=< (OCIBRK(=(
5"%6<=%>$;&"K HO < " 28 = &"<<H+&A"H( =<( OCIDH( +#( 7 *=( A'(
M=F"-"0bH( *"(#0628*2%" (#'+#>+8&( S%=&HEESE(S 52A, " H($;.(*"(+:<,2", 8+ @ (<$E*=%6(+ " %$&*+=;(>"&'S; +#>(
A=K ( L"( #H+<<; " Yo" 28 +=;( &="<<+&+"¥( =<( 8= @HH(SAHE?Y" K(L"%"<=%"H(." CIE+:+'%$8*{=;
A"SSH(HH( $,( +>86$*( 5SS+ $*( S<<" & (7%, BH"&'S; > (E<(F(A<<W" K (+;<, 2" &+ @ (5% > UoH (%" > S+ H#(H(
<=&"( A U+AH=;( $.( *(<2,.$>"S,( TUSERI( $.( 5%=AK(
@Yot F=7,.($,FSTH( 5% (++( S (% (=<(*"(HHGHA(#°2. T&=;#06 28" ( $( %" $H=;BA, " (#+>5,+<+".( $;$, TH+#(
5%=&"#HK(); (T'8=;SA,"(5%"#"*(-$, 2" (&$; (Yo" #2,*(+;(#'+4&L, ( =;( *"( ASH+#( =<( *"( <=%&"( &'$%$&*"%o#( =<( 9CID( *=(
85,82, 5+, WV6=00#H(F+& (SSTIGRR GH@ (SESHI>( Yo+ (" (47 USEA+=,(>" & +i#>(A"F ", ('S8 ($<<"&*+0
$;.(F5*+>+PS+=;(H+@;K(L"%"<=%"H($&&?%$*", 7(5%" ABBI@ @ =<( 9C!DK( L™;H( $( &$,&?,$%+=;( "17$*+=;( <=%( *"(
B << (Yo" 28 = (&="<<H&A" K (2<(&=5, +; @ (A"S>H(+HE=<CEIBIBA . 28 +=;( &="s(=<( ICIDESH( 5%=5=#".K()
+>5=06%6; & H(F'+,"(*"(R% &+ @ (<S&*=%ot($%" (; 7>"%=2HEBUS>"*"%6($;$, T#+#(FSH#($,#=(&=;. 28" (*=(#*2.7(*"(+:<,2".&"(
&=%%" $*" H( 5=#+@( #+@;+<+&S$;*( &'$,";@"#*"{=( BEYBH"5*( %S +=H(,=;@+*2.+;$,( %"+ <=%&">"*( %o$*+=H(#*" (
5,54 (96$*+=H($;.( 8B U"; @ (=;(*" (H*+<<;"H#H#( %" 28+ +=;(
“Emal addrBsEhangqiGHEs.com &="<<+&+"(ICIDHK (L' +HH(#*2. 7(&S; (AKRIB( %" <"% (8% (

ISSN: 12877 © 2A@&Ehool of Science, IHU. All rights reserved.
doi:10.25103/je4if. 1



(
)¥+,-.1/0  123.&4+,!156117'+!/3 I'+819.'4l)*'+,  1:;40&+'<!4=I>+,+33&.+,!?(.3+(3!"+8!@3(*+4<4,A! 736.3BDEG IEHEC0J IKCD

* *y—-( "HEBE = ! 0 24 4 +:&,2.+ *( $>5+
(355, +&FH=,(=<(9CID(S;. (" (# +#>+&(=5 +>+PE+=i(. #?A,%f;(é/"?fiﬂ@ﬁﬁi-?gf;’gﬁHgf:--f‘Gﬁf( :(< ?*...( &@;ngsﬁ;@'
TeReanER.AK AS>HH(=; (" (ASHHH(=<(* (26(# 33+ @(*SA, (" #4H(>"$:F+,"H(
(&SP, &, $r+=; (> = (=< (M (FH << (%" 28K+ = (&="<<+&+" ¥ (
081" =<(*"(&=75 +@(A'S>H(F$H>"*+=;" K (CS2,37("*($K(QeR(
>m"(1"&(-$( pat $:.(£2("( $,K( Q/3R( 5%=5=#".( &$,&2,$*+=;( >--*-:,;qé( ;:(()/Og/ *D (() "
N (%" 28 +=;( &="<<+&+"}#( =<( DDO#( $..
P Sl M R Lt AR BT, o BB Lo I B
AT oA A WAL S0 SIS gl i wn (o k(A e ?<'<+&+";* ?;,."%#$;,.+,@( =<( *"(
+-"HH @S ( Y # > +&( 5D, &K ( C$?,$7'(| ($;,KI£ Q/féi;/osél(&é-’i (>"&§$_+é>( ,#;( ’:;@+£?_+;$’( %"+;<:(0/0&">";*H(
D96=5=4".( $( VDOK( LA $.K( QI2R( 5%=5=#"( $( ik TH( #4%%5H( $i.( =" %( &=>5=r"HK( H#*SA ++@( $
s e 15 et (5 (> 145 e - S 7( <ot
oo ARV SR A s --*&A-L-@C‘t 0628526, ( >'&B+ES,( >'&BHEH( F+&(
T A SRTI@ i ek (WS G A (SE&P%S", 7(5%" +&*+;@ (*"RLSHEIOK (g+3($.K(
e S et R iy e ORI SVom=t( "IPSH( <o &% &2 $+.@( ("<&
A AT S ) S e #*+;E<<$f-'(##(:<(%-'&*$-@? $96(5;.(&+9%82,$%(8:=;8%""(>">A"H(AS
B P gamt{ (#4075, ~+4"( oo ( BOL1EK( O "*($.K( OZUR(
S *( $.-81 @A =<(HSA,"( THU B+ &% .(.0$"£ W(ozsz 4. BALIH( $( >=+<+".( -8%+$A."( $:@,"( *%24(
g A6 (=(*($%+8,"($:@ "(*%2#( >=." ( BILLEK(
5"%<:%>$;&"K(9?A".+(‘I*($|K(Q/SR(A?+’*$I$(&:>5:#+ (A?f#(’(>: n (.8L$"(A"(?#".(*:(,"<<"&*+'"’7(#+>?,$*"(*I"(A";.+;@(
#*"",(5,$*"(">A".."-(+;*:(*'"(&:;&%"*"K(O%# .‘(:;(Q?Ay#(*_ $: (*:%7;-/-";-:'(A'"$-+:%(:<(*'"(5%"&$#*(&:;&%"*"(A"$>#K(V'$'+%(
#2.TH($>(($K(Q/R(."-" =5" ($(ICIDH(F+&! (F$#(<=2:.( ."(--*’('$ O PO T (S Ao e N
S (#7968, ($. 5@ #H(HE (SH(SH &= 96PEH(+ @ ( 5= el %", @ ( A"$>#( BCOBEAT( 24+ @(9L1(
YA PN S TN N b 87 (5%=5=H"($(8:$,&2,5"+=;(<=%>?,B(<=06(*" (#"$%6(&S5$&+*7 (=<
$;.(*-"(#*---',(5,$*-'(&$;($,#:(<:%>($(%",+$A,'|£IAE$;(<(*($,K( VC90 HK(ZSA $(*($.K(Q2eR(5%=5t" ($(:=: + " Wo(H0fo7*
Q2RH( M=2("*( $,K( QORHI$RHQMRH( M?( @]Rtl(*&.( *'+,,(>: + (BZOLLEK(L™(* 47 %6 R4 ("$+( Z9L1(&$:(
125528, (S KIQIUR(S 9= (S(#Vo A=<t +THE( @ (F=( << &+ T+ (* (<=8 (A" +=906(i((<$+ 2%
?;." %#*$;.(*"'(>"&‘$;+&$,(5%:5"%*+"#(:<(90!D#fIK(L (%o@%-%:;( A G S v o gt
HF" (#7557 &%i( SAH=OOA( >=H( #"$%( <= /#:1<_*(("".(-$%+$A,"($;@,"(*%5?##(Bb9fL)1EH(F'+&‘(&$;(
+:&%"$#+@( *( "<=%>BA+,+T( =<( *"( &:?$?‘(.;l@((A /%&7;3/()$*" 759" + G (Yot A+ =< ( Gim R A
<=%>+;@( $(.2&*+,"( <$+,7%"( >"&'$;+#>K(T$*;@( -’Ziﬂﬂ(( $'7.(#&'::$%#H(+;&,?.+;@(c+$Q€X/(EDZRH(1",";."P("*($,K(
355, +(™( SCIDH(=( 82067 P, #(S=2:.( "$°( 5. S+ &( HRPORH(i2;("*($,K( QBSBH?("™($ KQO"RH( 2#".(9LL(*=(
@ <" SH( (A =<( *( &=75,+@( A":$>$&:@"9&*( <,:%&"($;$,7#+#(:;(*"'(#*%?&*?%"#H($;.(@::.(%"#?,*#l
)&&=%.+:@,7TH( >=%"( ";"%@7( F$#( .+##+5$*"_K( L"( $ ,;J/:');,( S8+ K( L' b S968'( *$>( QOTR( 5%=5=i#"( %
SURES (H AH(SS+, T(<=&2#".( =T #$%( %" #+#+$;& §$ 82 4= ("1 7%= (<Y (Yo" D&+ (&= << (=<
$:.(."<=%>%*+=;(5"%<=%>%$;&"(=<(9C!D#K . Dlﬁo#’(A$#':.(:-(*'"(9L1(+;(2323H(F'+&'(F$#(5%:*&,(A"(
9"SUGE=4"( FS, H#( 7+ H61Q( #%=@(>8;"%$" o HESAC . SUBE+ Bt B M S 1 ¢ 2
"SR 1 2SI HH( $;.( ¥ HH+<<;"HH( =<( ”$&(‘?,‘:>5.:..3 ; (F=’i =5t A’7(C$?,$7("*($,K(QeR($;.(f?("*($,K(Q/SRK(M:F"-"%H(
$8&=06.1@,7(" @S K(L"(" @S +=1( @ (04 & R A e (v A SO0 3>+ DS,
LRI E oA sl sl o S VDOHK( L"( S=%&"( >"&!S+#>( =<( OCIDH( +#( +<<"%":%( <Uo=>(
ol (B A S =S (2. [(BHOOE e ' 47<( DDOH( $;.( VDORE;& H(*"7( &$;;=+( A"( 24".(*=(
o e e R R (596 -8 < 9" 38 mrbes(=<(
5%".+&*+;@(*"'(I'<<"&*+-"(#*+<<;"##(:<(#"I$%(F$yy#l_l!*(‘$& CID#gg,,,(%*+<<_..##(%n.?&*_'_:;(&:n<<+&+";*(:<(9C!D#(‘$#(;:*(
2> Y= PH(<H ("> ($8,THHH(BV)E (% KEBHO+<+(H($,KY g +ongtes @ L OLL( B " $.$:$@"H( =<(
Q22R(5'%<=96>". (#$*+#*+&3,($:8, T#+#(=i( (7> %:?#(*,,*#Lj(#%si,ng_@( i i v st U i S
e e a1 7O g6 o Sk (428 (AY (28 (+(™( <068 (8.8, TH#(=<(*"
S gt vt << (=< (" (8275, + @ (A S H(FH& (" 5<2,(+:(
e o s g o 7 R TV @ (47048 =: ("5 H>E24(- 3964 6,0
MEH(H M SNHS, ( &=>500" =SS +=( HH( " SFHi( 45,78 &’:cg)#( $;.( +>5%=-+@( *"( 5%"+&*+=;( $&&?%3&T( $;.(
<S&F=00( =< (<< 8 (HH S # SNBRAK( ). *=2@'( P e
M2 @ ($;.(9' S0 #' $%& (<=8 24" (=i(#+:@," (#"$%(FS, ng 159 7(BU=5=H"#( $:( "12$+=1( <=U6( &$.8&2.3+:@( *"(
e &= 70,4 (A (S O ol 0 284=:(8="<< r&et" X (=<(ICIDH(S: (+- 44+ @F#("(
SBEI( =i &PBLHSICEZIT FS, AR M=2( ™ $.K( §-2<OT§§(&"(:<(*-"(#5$;"5*'(%$*+:H(,:;@+*?.+;$,(%">:-<re/o&
25,2 (YO (=S5, TP (M ( SS@ (HSH=<(( ol 2L T (5 59 UpHrH( $i( R=RU( #Um@%( F%=2@
850 OV S ( QT (T PE( ris & Ofe $R2%0( $:5, THHIKGE?.7( Yo" #PHH &S;( A"( 2#".( $H( $(
sse=on(=i(( << es=< ez na( s BRI L e e i avcamer
X( SK(UB(S=5=H"( $( i=( >=( <= "#SH@( Ty’
B 28 (& e A= <(8=5  @ (A S  B hn(Ghog, r0n( =<( 4 #52.7( +( =96 @S+P" ( $H( <=, =FHK(
(G20 4 @A S kgt B0h s <= §.( "N+ @( 8%, &2 $4=3(
o L™ (829 (M0 2= (Sl i =< +( toov <<t 0o 28+ < ( *(
e A BEPS @(ATSSH(S: (WA (S5 +et (58, (5= K(
5%, 1R B @OJAYIK(MEFTIBH(L JHASE (=5 gt =, (S(5%0=B=tH((#=06"+&3,("175+=:( $:.( <+ +44
A e (SRS (P & BB (B B8O T (o Lt 4475, (#75" Yo+ =0T ATEREHBEIIHI; @ (*'H¥(
i BB T W2 A8, (828 (728 =K Ll 5. 85,89, 8%4=1( = K( 2" Ho>=98"H( %" "$:¥(
$<:%">";*+:;"'(#*?'Jr"#(:;’7(5%:_+"|(($t;9$i7*+(& %(;é‘*(:g'g:((ﬁ 963> IBY"($;, TAR(\+;$,, TH(9"&*+=;(N(#2>>$%0+P #(*+#(
128 484" 8.9, 7#+#( FS#( =K Di( ™( 3, *2 7($;.(YSFH(8=;&, 24+ 4K
+;?'#*+$@$*"(.( w4 4B S i<, 78 (g (T (B (YOS {

/oU



)¥+,-.1/0  123.&4+,1561!7'+!/3 I'+819.'4l)*'+,  1;;40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8!@3(*+4<4,A!736.3BDEG IEHEGOJ IKCD!

FE&"9-*-/-6] (( ) #
( ##:(Jr.—.%((((((((((((((((((((((( ( ( (BOE

PF<( L&SHOLHH-06( -8( "H$806&"( 38+ #-06( 838t #8%"( 5

~+5/#%6(M&14

L"( #+<2#( %" 28%+=;( &="<<+&+"*( =<( &=25,+:@( A"$>(+#(H) #

_("<+;"_($#(<:”:;:#( # = (+ & U8 e « ( (BSE
_ N ! _# 04" K LY TR~

/ Y. #¥%&—£((((((((((((((((( (@E F"% (("(+#( <<&HERK

( EEZj9(0/3/(Q R

FrO6( 1, (7= ("< g o< =<( (8275, +/@EIN /3 OSRR@@"#H($("178M+=( <=("#4>$"4:@(*"(
NSH( | G655 0 4448, (<< =<( (825, 50l onermonntioo T (EBODTH(IKBEH(
A'SSHOOHE"( AS>(#ESHL , (+( *( " $t-+&( >=.2,2#(=<( (

SR H( = (R (GO e O e (@

875+ @(A"SHH(R, (=" (+4+48>" M (=<(ropm(=<(( (T &%
&=75,+;@(A"$>K Yod.
L("<< " #4<< (@BUHOBR (&3 (A'(@" %8, 7( "<+ __ "
o R A (T g (@ (ETE
#400"@" H(SH(# 660+ OK((S:. IEB2E (
(| F™9%"( Gm/KBINM/KKS;.( #m/KOF™; | NOIK2/($;. (Gm3KS
" S / . ol
S (o ez MEEHEmAET ROTIA

(
BE()Dn0/6/S(QR

( 16 :/S( Q R( 5%=-+."H#( *F2( = #( *= 2, S (<
FUoe (1, (% 7+, $*"%S,( <=%&"H( et *"( 7+",.( ..<<.).?Lff_.§( '#S*fri;?;:((yxz *fg g:f); j(@(((é‘égf( £<((
+H5,$&">" K "% ", H(=%(&3$,&?,%*".(F+*BUKE
(
. SO
123.(‘ |, =&+ $) (..(gff/o% S ¢ (BUE
(

F 9%"( ! +#(*"(,/=,@F.+;$,(%"+,<=%8&">" X (Yo-5%"#" (#
*(F+.¥(=<(*"(&=75,+;@(A"$>H(#$&%! !. | #3$%K

(
ESER?(QTR
M?2("*($,K(QOTR(5%=5=#".( $;("1?$*+=;(<=%(5%".+&*+,@(*"(
HAH<< "B %" 287+ = ( &="<<+&+";*#( =<( DDO#H( $#( #'=F;(+;("IK(
BEK

I

I

I

| (

I S/, 1,01

| e T st (B6E

—
! HS%N&()(+
( F"%"("11 (HH(E5$0."5% (%$*+=(*2( &=75+@(A"$>H
A (A OpG=( =<( " SR >=.2,28( =<( U # ( ASY( *=(
PF>(OCLHIMI&(, 1/, +/1"#-%(4&'9-* =8, L, ("SOBHA(™ (8=>B0" " (96", @ (E<(
B/EC$?, $T0eR &=:8%""(&?AK
C$2$7("*(HQeR(5%=5=H#HKBOE(S; (BSE(*=(8$,82,$*"(
*( pph << %" 28x+=;( &="<<+&+"*( =<( DDOH#( $( VDBE (B R
9%"H5"&*+-"(TK F2("($,K(QIBR(BY=5FE(| 2$++=HE9%("H+>F @ (*"(
( b << %" 28%+=;( &="<<+&+":*#( =<( DDOH#( B, (F¥DOH
#=F:(+:C K BE(S:. (B3 B #5"8*+-" [TK

2 :—":()*+,&)- g ). g()o O+ " &9&" (1 +§O§_(((((((((((((((((((((((((((((((((((((((( ( ( ( (BeE

(

& |4p

, o i o HE
= &+ § (B (&S (((CCCCCCCCCCCCCCCCCCCCCeaaeeccccceeecc(erse

/06



)¥+,-.1/0  123.&4+,1561!7'+!/3 I'+819.'4l)*'+,  1;;40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8!@3(*+4<4,A!736.3BDEG IEHEGOJ IKCD!

F"%"( 1 (+H#( *"( &=>5%"##+-"( #%"@*'( =<( *"( &:;&%’ﬁ?(H'"1M/#‘94&%"(-$("9&('#45/#$#&*(1%1/J‘#'(4-*&/

" WO (= ("(&=#$%($,@," (%0 HH(>EBD)LLH(#'=F;(+;(
&T7,#;. YoM (HH( (#+%%25( % +=(=<(""(&=75,+:@(A"SR@E( $:( f )LL (B+@IEHP( "*( $,K( Q/3R( &I EF=(
Lo (3@ =8, (%" +<=%&">" oS += "= HE=0( "B SS G <<, "HH( %" 28+ &AM

={DDO#($;.(VDOHK

U HE HH—
OB BHS

= o | 60" l%j
= wsy T\ % |

>

0 1

sttt ens ‘

N#E(KD=#*$%($,@," (*%?##(>BD)L1E(

INAN

—HEY e 12
% , ) .+ ¢!! "B
1
W TV (b ' )
; 1 HBog! 0 —»
. o ) / " D& H
M (o ’ 1

BSE((((CCCCCCCCCCCCCCCCCCCCeeCceeeeeeeeeceeeceeeeeeeceeecceeeecc( e e
NH#E(RI$%+SAS;@," (% 2##(><BL 1E

L"( $7%=9%( =<( *+#( $%*+&,"( QOUTR(#+>5,+<+".( D)LLLH.C"&'$;+&S$,( A"$-+=%( QSBIR( +#( &=>5,+&$*".( F";(
ALIK( )( #4>5,+<+".( >=.",( <=%( $;3, 7P+, @ ( #+<<;"fHt  &=i#+."%+;@ (*"(<,==%0(H SAL """ (+:<,2"&" (F<(#,$A(
%" 2&*+=;(&="<<+&+"*(=<(DDO(F$#(5%=5=H".(+;( &=>AHEHSE>( &= #+."%" ( AT(#&'=, $U#K( L"%"<=%"H(*"("<<"&*(=<(
o+ (5 (+1-"06#" (A" +;@ (5=+*(>"'=.(QOERH($;.(@==.(%"# R H Y0 (1, SA(+H{(+ @ ;=% (#:0. 7K (r+ @EBEH (" (#%2*($:@,"(
Fro0"($&'+"-" M("(#+>5,+<H{(> =" (H##H=F;(+,(+@K(S  +#(8$,&2,$*".(R#¢; @K (BI/EK

p
Y e L s = 1 I | | ®E
A RN (
1 - il T DF()&# (L% L/ 4 (L%*(*# +"#-%
|
1 ( DF<(198-3&"#,1/(&+1"#-%
BSE L "06%+&S,( "<=%>$r+=:( +:( *"(#56:( =<("( &=?5,4@(
O+ "O* #y , AS( 885 A'( 83,2, SR = ( " ( A+ =<( ¥ (=% +8$,(
= - S=. (4 v+ QB
7
%I$%E - l (
" HSU

i e A (o ( B/2E
(

- /{%
—» 9 F"96'()O (+#6"(,=@+*?.+:$,( &=WOD( +#( *"(8=;8%""(
&=>5%"t+=;( #HE2( OV( +H( *"( -"%*+&&EYL *"+%(

" | <> 996" (#=F (+ (LSAC K

( L*(-"0+8$,(."<=96>$+=,(SRE(. (Fi( +T+"
BAE +HB#H(<=,,=R¢
N#E6BE+>5,+<+".($;$, 7#+#(>=.",(=<(DQBBE; *+,"-"% (%> K(BARO&(' (
=<("$&(&=>5="*(=<(*"(&=?5,+:@(A'$> CLS%H-T % HEH &, 8%

o ST T R ((((( (BIOE

L"( %"-"06#"( A";.+;@( 5=+ =<( 9CID( +#( $H#2>".(*=( A'( ! #dS # s
&S (+1("(>+..., " (2<(*" (8&="5,+@ (A"$P&E&=Y0.+; @Y Xa(*"( A$#+HH(=<( HK( B2EH( B//EHEH(BIO'<<"&¢-"
S"™'= (1 5%=-+.".( Al %"<"%";&"( QOTRK( )&&=%.¥/@,7Hi:+<<;"##(=<(*"(&=75,+; @ (A"$>(&S; (A" ("NSU % [
&=75,+;@( A"$>( &S$;( &;-"%*" (*=( $( &S+,"-"%( A"SH( $#( (3
H=F; (+:(\+ OISR (L"(8&=>5%" #-+-"(#-90" HH( +H(*%$;#<"%%" . (*=( () !
U (HIBE=H(+; (" (# =% HH(BSVH($;. (" (<=%>$H+=($H(H (= —— e
e BTGB BT (o, @t T, oy, (@ BISE
M<=0o>$r = (R >+, "(5=%+=;( =<(*"( &=75,+,@( A"$>EK( -

T % %

/0e



)¥+,-.1/0  123.&4+,1561!7'+!/3 I'+819.'4l)*'+,  1;;40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8!@3(*+4<4,A!736.3BDEG IEHEGOJ IKCD!

["* (n,=EJ/EHE=p /p H5;.( n, =E/EHKS;. (CIK(B/SE( K - n,bp,E, cotb,
&S;(A" (%P #<=%>". (+;*=[BIRE ¢ 28, cot* 6+ 2n, p, csct 6+ 2 (((CCCCAC ( (BNE
( (
|1M/&(<FF %*+&$ ( '<=0p>$*+=;(= <( '$&'(>">A"%
E&4M&Y 5( > ( L&S$-341"#-%
)O ( VcotH ( cotH ( d cot,( EA( Vdcot’0,/(E,A,) !
o —V /sind, ( ~1/sin6, ( d/siné, ( E_bd cot 6, ( Vesc’0,sech, /(bE,)!
ov( P( 1( H E A, ( Vd/E,A,)

Z="k(E_HE_H($;.(E, (%" (*"(", $#*+&(>=.2, 2#(=<(,=;,@+*2.+:$,(%"+,<=%8&">"; *H( &= 1RBIHHISA(H (% "#5"&*+4(d_($;.( A (8%"(*"(8%=H#
H'&+=$, (3% SH(=@ 2.5, (I2&">"H($; £ "S%(>">A" WM, = bdp, ($;. (A =blp, /2 (%6"BY"H(™'("<<"&*+-"(."5* (=" &=75,+;@ (A'Z>(+#(
HA"SS(F+ R H( p, (HHH" (@ +2.+:5, (ME=%8">" (%S =HE (HH(*" (#"$%(>">A"Vo(Y§*+=

" (&S (FARSHI(&S,&2, 8 +=; (12 = (Y # << HH( (

%" 28 += (&‘A«-F"& <{"( &=75,+;@( A"BAT( &>A+;+;@( F"06"( 1, (+HE(*"(#*,( 5,$*"( %$*+SH( 1= & %% K(
(I#K(B/E($ (BINEH($#(#=F;(+;(BKTEK (. ~F @ (NEY = A*${&=9‘>M;+;@(r*'(‘IK(
4 B/6EK
VP g (
K= - (s BITE (1, +)(
£t P A 16 syl (G Blek
L"( >=.2,2#( =<( " $#+&+7( =<( &=85"(.( A7(
%"<"%";@IOTR(+k L"("<<" &+ (SH(HH(FH &= +#1$ 8" (<%=>(
- (BB " @ (S WU =<( (@2
T s ( BIUE ot <=068">" HH($.=5%". (+;(*" (%" ##($;$, TH+#(=<(DDOH($;.(
( VDO#K((QCIDHH(H =", (A" (H2AR++2" (F+¥ (K

N;(9CID HEH(#™ ( 5,$*" (5$%*+&+5$* (=, T(#"$%( (
%"#+#*$;&"( A?*( $,#=( &=>5%"##+=;( Y #:&% b=t/
oraripad + BB ASK( KTF( oo T et (@ B3R

" SHHEAT (=< (&= 8% " (#' =2, (A" (H?AH+* " BOEIK  (
] F"%"(Q&S$;(A"(&$,&2,$*".($&&=%.+; @4 A QSTRH( $#(
! |# = ./"! . +&/(l’l !”$ \ #':F,(+,(\|K(BZ/H|(
' - (CCcceeccceeeq ( B/6E
(
— " ' ! ' ) " 4 % " / " % " + & ' '
= (&L AR HHTBE  HE L AL LA R BH Y+ B - g HAL L 8 #H % # ) ((B2/E
( : %
FUoo"( 1) (#(*( B +=( =<( *"( &=>5%"##+=;( %"+;<=HE&">";* ¢
e K =0 HO VRO PSS & (AR ((
"N*%">"( &=>B%"##+=,@"( *=( *( &"*%=+.( =<( *"( ) .
&=>BYH+=;( %"+, <=%&" ST FHE( " (+#$;&" (A™F"; (N #9 *
&=>5%HH=(".@"(*=("(#",(5.$*"(".@H(!, +HCH( | .
5,$*'(."5* K S ] .
9*+00%?5#( 5% +&+5E*(,+4,"( +;( #" SN (RIHSHES, & _X .
M" & H(*('<<"&* (=< (#*+%% ?5#(+#(+@;=%". (W (' +=H(1HP.7 - . .
"=L# HC S &$,&2,80=( 1P ( =< H << (T ‘e
%", 2&*+=;(&="<<+&+"*(=<(9 M=, = et R
(
s ! . - -
$# ! ! " # # $!
w0 T ccCC ( B22E Lo+ (
-% Lt $, +*+, N#6PED=>58%-+#=;(A"F"";("N5"%-+>";*$,(%"#?,$;. (BY{ &2, #
F %" ( !, (+#( &$,8?,$7K7(?#+,@(K( B23EH( $;1(,. (+#( DF>(H:+1"#-%(C&3#$H#(1"#-%
>+ (ATR,+PIR (B/eEK LSA,"(2( $;.( F@K( #=F( *"( &=>53%+#=;( A™F"";( *"(
( 5%" +&*"#5<<;"#H#(%". 2&*+=;(&="<<+&+"PH(BHE(-$,?"H#(

=<(/6( 9CIDHK / ., (%"5%"H#HE " ("N5"%o+>"*$,(-$,M6:.(

/S3



YN0 123.84+,156117+/3 I+819. 41)*+,
Ly (i (S (<< (" 284 = (& <<+ 8" (&3, B, SPHA QK (B22EK

(
|1M/SFSR N5 %+>"*$, (=" Yot <+&$*+=; (=< (*" (5%:5%#'?($—%C'D#(

15;,40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8! @3(*+4<4,A!736.3BDEG IEH RGO J IKCD!

&$( | 15&,#48% . QEOY QR | pQrR | raC ] ot I, Q44( !, QR !, QR Ky Ko
QR | Y.+ K TK2( SKE 2KC__| OK/T 253 JIKUG 3K3% | /KON
QSER | 95°&+>"7( | KT 2K3( | "Kef | 2K{ | OK20 2°3( 2KUB | JOKUU | 3Ke2@
DO/ ( A ( 3K | IKeW | /K| /KUT 223 "KTE SK"B K21
DO/:2( n2( KU | KUE | KX | IKUg 523 KA SKSS K2
DO/:0( ASKQ 3K | 2Ke6 | /KX | /KUT 0°3( Sk SKUU 3Ke3(
QSR | pom:g ng( 3K | 2k66 | KA | IKUT 233 K36 SKUU | /K3TA
D2/ ( S2KO IKeq IKTQ 2K¢ | OK/Z 223 6KSe InKel( 3KA0Q
DO2A:2( SeKO IKeq OK2T | 2K | OK/Z 223 /KU K6 | 3KUS6
o | SPeBs SUK6 3KSU | 2Kk2( | /KU | /KOS Sy 2KTe 2K66 3Ke0S
SPreBg( AK 3KsU | 2@ | g | /kos sy 2KW 2K66 3Ke"s
CID:DO/( ~6K/T IKTA 0K3U | /K| /K6Y 2eq KAg 6K30 TKI60(
C! D:DO2( ~6K/T IKTA Sk3e | /(| /K6y 2eq eKSO 6KSe IKII3 (
Q"R | C!D:DOY( n6K/T IKTC |~ |k | ke 2eq 6KSR 6KU2 3KeT:
C! D:DOT( n6K/T IKTA Sk3e | 3ké | /K/2( 2eq IKeZ 2KNB 30TE
C! D:DOJ n6K/T IKTA sk | 2K"B 2eq 13K63 JIKTI( 3K03
SPG1 ~3K6 3K66 | SKOB | 2Kt | OK36 03[ 6KAG 6K38 IK3TQ
QUR | SPG2 A3K6 IKAT SKop | 2K{ | OK3g¢ 0°3( 6KU2 /0K3Z 3KTTe
sPC3 ATK( 3K66 | SKOB | 2K | OK36 0°3( 12KOX UKGU IKAT
1'$; ( ( ( ( ( ( ( ( ( /K332
D="<<+&+"*(=<#t$%E; | ( ( ( ( ( ( ( ( 3Kase
( "&
—— & 12F
—— ”()]*"Y'
1% —a— "()"'
i n |
< 5
R / i
%1 ./‘.—_4. 4
| # $ ul $

i/h

I 4
(((«( (((«
B$E, m"3lc$H( BKIS ((((CCCCCCCCCCCCcCC((eae,, m31CsHp, mik2e ((((CCCCCCCCCCCCCC((EaELmBKRISH(p, mik2é

NHEBEN; <, 2" & (=< (<" ($%+=2H(5SY0$> (= QbH( #*+<<;"HiH(%" . 2&*+=;(8&="<#E&ICID #

DF?(01314&"@%1/J'#

I h

|1M/&(PRCS%$S>"*"%o(-$%+$*+=;#(=<(9C!D#

L' "( &=>5$%+#=;( =<( L$A,"( 2( $;.( \+@HLP *$*( *"( 01314&"&3( U13#-+(@L,"-3'(

HUZ06 &S, (M1 PG (+(FHHH T (+(+( @==.(S@ %" "R ( KX 2Kt okt (
w( NG Yok >" 4, 96"H2, HH( $.( 5S%$>" SIS &$:( A( p a(! KM | 2Ke | SKS | TKT
5"%<:%>"%C&+>";(Y;+*O(F+*'(ﬂ#5$;0."5*‘(%$*+:(:<(EKA 1 YA(( 3KT( /K24 2K8 (
<. AT([S>( "( SK( QIRHI@=#+"%"(*"( %" %" & (" A

HE G+ ( +(*"( 5$U$>"Uo+&( #2.7( <=%( ITBWK(O( /= 53 i ™

o+, PHS H(BEUS>(MBYo+S*+=#H( B @K ( T(#=F#(*( 2=k, =17
G HE<EE"&>"( Y+ OH( F+&('$#( $( &=;8%"*"( &2A"( (
&=>5%"HH+-"(H*%"; @NEL/KLLCSKL" ($;$, 7*+8$, (%"#7?,*#(

$%" (#'=F; (+;(\+@HK(

\+H@KI( #'=FH*$* (<" (#+<<;"##H( %" 2&*+=;( &="<{R&A"*
+&%"$#H( $,=,@( *"( #BE*( N$*=S$;. (,=@+2%,(

%"+;<&%";*( %S KL L"(*F=(+>5$&*+;@( <&+ 3(
&=%%",$*+=;K( f$%FSAT @;+<+&$:*,7( +;&%"$#"#( F+*( *"(

+,--./0.1,-/
!;# 124334 ‘#33 ,_T -
%%’ '7//'7//'% " SR,
Ty 23
Vv 4! % (IHstemes Casrsen @
LI T
NHEFRV S+ #(X(+0B+(>>E (

IS}

@248, (U <=8 HHA S0, "5 (NS (=
+HH( SU@I"$F'+," HR."QYES# H#( F+* (%" (+;&%"$#"(+;(*"(
81894 &=>5%"HHRI'; @R(R(*"( &=75 + @( A"SH(S(

#>9,,(#5%$,0."5% (%S HH";( *"(+:&%0"SHH; (<" (™,

(5,8*(

Qo+=(+#($;("<<"&x+-"(FST(¥=( " 58" (" (#r+<<;"HH( Yo" 2&+=;(
&="<<+&+"H(F+,"(+HUB$D."5* (%S H+{>=9%"(*$;( 2K H(

(55" (YoSHBHFAH (B(." &6 SHH(*"(

#0284 8="<KEEHES"=>"=:( &8:( A'(
“Obt<+" (AT (B (Yo" HIQHRH(+;(F+&F'&+>"#C! D:
DO/H(CD:DO2($;.(C! D:DOO($-" (*"(#*™,
OBUIH(SK3els;.(MK/(%" #5" &+, TB™( =*"%(5$%$%%ot(
$%6" (L &S H(>"S; P+, H(-" (#++<<;"H#H#(%".
&Y SH".(<%=>(eK I (*=(eKSOI($;.(6KS2IK(

(5,8 (%S +=#(=<(

28&%+=;(&="<<+&+";*#(



)¥+,-.1/0  123.&4+,1561!7'+!/3 I'+819.'4l)*'+,  1;;40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8!@3(*+4<4,A!736.3BDEG IEHEGOJ IKCD!

20

304 —=— p=0.61% —=— /., =40MPa|

204

5| T AE129% —— f,=50MPa
] —— p=2% V 154 —— 0. ~0.55% ] —— f.,=60MPa
A A —— p=1.15% A
%1& %1(» —— p,=1.61% %10<

104

54 5
54
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
‘ 1k (((( L ((( L (
BSE,, m3(LCSHE, mIKMI((((CCCCCCCCCCCCCCc(enet(m™3(1CSHE, m/K2el ((((((CCCCCCCCCCCCc(aeE e m3k IHp, m/K2el(

N#GV@;<,?";&"(x(*'"(-$%4.>#(5$%$>"*"%#(:;(*'"(#*+<<;"##(%".?&*+:;(&:"<<+&+";Qi[§<(DDo#(

\+@IB(H#=FH(*"( 53%$>" o+ &( $:3, TH+#( %"#7? *#( =;( DEOYEF+#"H(+<(*" (AIBH 0."5* (S H=H(H>$, H(*"(+:8%"$#'(
<%=>(%"<"ILEOTRH(F+& (# =F#(S(H+ BB SF(F++( =< #,( 5,3 ( %$+=( +#( $;( "<<"&*+-"( F$7( *=(";$:&"(*"(
< " 28R <<+ Bk K =<(EHIBHE H( =" Yo(H4+<<; " HHH( %" 28%+=;( &="<KERE"(: #5$10."5%/( %S H=H#(
(" ("< (= HSY( > A( &K S H( >=9( S (2KAH(+86 i@ (" (" (5, S (Y HAFE(
06" 28 +=;( &="<<+EFLDDOH(+:8Y0"SHF+*( *"( #"$%0( "8 "SHE;(*"(#*+<<; "t %", P& &< <+&+"RARYL"$H'H(

"> A= B+ YRRS +=EREIDHH (" (+ QU S ( F+-(*"(+8%6"$H"(+;(*"(&=18%™"( &=>5%"Hit+-"(HP(@*
86> > A B (BH (SBE(F+ 92 (VRIS * (<< &X (e

(<< R = (&R T+ (S (9CID (S BOE"(&'S;@" (,SF(S<(*"(#*+<<;"#H(%". 284+=;(&="<<+&+"}¥(
$(,$%@B$0."5* (Y%$*HL"(+<<"%"&"(&S;(AN5,$+"(S4  =<(ICIDH(+#(#+>+$%0o(F+*(*$*(=<(DDOHH(=*"%(*'$; (*"("<<"&*(
<=, =FHIC"( #4965 ST 53%*+8:+58*"( +:( #"SY0( WK SEH'( #"$6( S"SAV( &= *K(( #+<<"#i( W08

e, (7 #5753 #(5$% +8+BH ;=5 =, 7( +i( #"$%( &="<<+&¥"2¢ DDOH(+,8%"$H"#( F+*'( *§"$%( >">A"%

06" #HP°5,8" (APH($ H=( &=>5% HHS(JKEH (+:@YSH(( &=;*"*( B +96YFBE*+HEH" (*$*(=€ICIDH(."8%"$# " #( F*
(5,89 +=( &Si( " BEI(F( 448, (H<< BB+ BRI+ (H7$%( > >AYE=H( B (5,57 EH(
"SGR+ <KHBCID(+(F+*($(,$%@" (@557 (%6$*+=H( 5%=-+."("$*(9CID($#(S(,$% @5$0."5* (%$* &

w (R (<< RS54 @( A'S>( 174807 OBH.(=5(*(9L1 H(B"=%"*+&3, (" B+ +{B%=5=#"K
+8Y"SHHK &SP+ @( (RIS (<< YRIF=;( "<<"&rH"T( 5" A& FU( << Yo" 28r = &="<<+&H"H( =<(

&="<¥&+"*K OCIDH( +;( *+#( #*?2R( L"( "1?$*+=;( A";"<+*#( <U=>@'(

( 596" &+HHETH">$*+&( &=H+."Yo$i:=( =" <"$*2%"H#( §:.
&$;(A||(?#lll(%(@?_'_(k:%(*lll(#ll+#>+&( ."#+@;(:<(#"|$%G&:%"(

PR(%,/+#-% ( FS, #HI=F"-"90HT (#,$A("<<"&*( F$H( =+ &=3ft+." %" (#i(

#2.7(.2"(=("(&=>5,"N+*HK<"&H< (" (<, ==%$AS;. (*"(

X; (" ASHHH(=BLL HORH 2.7 So=5=ie (8 88,82.8+ 8ol e T s
M el et W A Voo Gyl 11 A RN KNG A Ay

! * +;_" * K11 (K11 *+<<;" '$9% g ‘S *,, —,..__ ' ," ; .,.*m ,*, i
H=F (% 45088 +=;( SRS H#>( AF e (-$%+=2#( = <&?:/fr>*__°/;(_ﬁ<'-<7’fz(( <'__I|03/01(4K #ﬁﬁﬁ%&_(_ +_( *#++<;, H#H(
AL N A MRV o oI oy PR P ety ol SR WA £
ICIDK CBI6S>"*"%6( $;$,7H+H#( FSH( *";( &$%%K'L("=pr T (SH=(RU"+#' =" %(@ " (#07&72%S,( "R @;
&=>53%+#=;(F+*'(*" ("N+#*+; @(#*?_7(:;(*---(#*+<<;"##(%“.%WE/'( KI&68ARK"

=" k(= |(|§$m = Sk (<=, = : ' 0=
iz-;)ﬁJ;-&(é”?(A"(.%$Fi# (o s mrre L'+#(F=%J(F$#¢;$;88;, 7(#255=%"".(A7 (*"(Z$*+=;$,(2$*?%$,(

BIEL"(*"=%6"+&%,("17$++=;(5%=5=".(+;(#HTH(IK( 9&:;‘%( gzg’;’;.$;+=\;(7=§$( D'+;§§§;§\§C/“U6ZB%A2E3F\}\(/ V{\//I';;$;(E

. — i, " N_ ok kMl . w.ong_ —. 1 s +"; " =7,. *+:; {\ N

BE2EH SR (B T00 < e e R G L SRR
g L @ e P M2 Comt:&"( Ble)3erHieO3eeH( 230/36H(
3057 (%S +=H(HBS" (%63"+=H($;.(#" (5,8 ('5*K(L"] ) '
BREPUSET( =Y 5Y%=5=H# "1?$*+=:( +#( +@H( $;.( *( 23D30OEK
AHEYO" HH(+H(HHSE H (+4(&$;(5%=-+."($(@==.("#*+>$*+=;(
*:(*"'(;*+<<;"##(%".?&*+:;(&:"<<+§L+";*(:@(gcgD#K L'+#( +#( $KE";( )8&" #H( $%*+&,"( HHFY+A?*".( 2,."%( *"( *"%>#( =<(*"(

BZE'"( #*+<<;||##( %u.?&*_'_:;( &:"<<+*'("9CID#( E( D%"$*+—" D:>>:;#()**%+A?*+:;([+'&‘;#
+;&%n$#u#{+*-( *m( #5$, 0.1-5*1( %$*-|.(:$, ( ’:;@+*?_+;$,(
%07+ <=96&">" ( WFEL(*F=(+<,2" &t @( <S&LHR( $( S
8=060" SHRLH @ +<+8S:,T( +RUSHH F+2(*"( =@+*2.+:$.(

06"+ <=96&">" H AP (=" A'SH5$0."5% (%S {=#(,$%@"

)&S&I&IH(E

IK[$> Hi K_ KI(["?;@0! KI( CSHMIP N5"96+>"%$, (#52.7(=;(">A"..".(  OKM=?H(_KH( D";H( OKH( b?=H( jK( cKH( ] So@IBOAIES, ( #+2.7( =;(
# (5 $%(&=>5=H#+*"(&=75,+ @ ( AIESBH+! S$O0-,1%! $(! D2-0@20- 1%t +#>+8&( A"$-+=0( =<( ">A".".( #*" ( 5,$*'( %"+ <=%&".( &=;&%"*"(
+),&8&), H(/0/BEE33"B5KReS: /032K &=25+,@( A"SaHi), 1! #)%)%! +,'),8&-)," S$0-,1%H( ~3B2EH( 23/UH(
2KL+$;H(WK(OKH(9+H(dK(CKHERFKINKH(D!"#'$%& ' (=;(>"&'S; +&#($;.(  55KEBK(B+;(D'+;"#(E
S<=0>ER = 5%<=%>$;&"( =<(WBIFL=06&" ( &=>D=#+*"( &=75FKZj9(0/3/K( pHS,@-&2&! 5BR0-&5! 521 HKH ", +:@*=k("( L%$.+;@(
A'SSH(F+(#>$,, (#5$%= "5 (%$*+=GF0-, 1%!9(10)%H), 1D2-0@MES5 ) %>(=<(*"(9*$;.$%.#(D=8:,H(Z"F("$,$;.H(/ee"H(55K 22E0K
OUB/2EH(23/THEBBETK(B+;(D'+;"H'E AK)DN( 0/6 :/SKEMO)%H),'t @$H&! -&T0)-&1&,25! ($-! 52-0@20-1%K@$, @-&28&
\$%>+@*=3(M+, #K()>"%+&S; (D=8%"*"(n:#*+*2*"H(Y 9)H(23IRM(55KU2

/S2



)¥+,-.1/0  123.&4+,1561!7'+!/3 I'+819.'4l)*'+,  1;;40&+'<!4=I>+,+33&.+,!?(.3+(3!'+8!@3(*+4<4,A!736.3BDEG IEHEGOJ IKCD!

TKOO"33// :23/3( pHSH&! ($-! 5&)5)@! H&S),! $(!I >0)%d)’ O"+]+ @KBK? HH(\K()K(OKH(W=%@"H( DNOKQKHE=<*"".(*%2##(>=." (<=%(
14 +H%7(=<( M=2#+;@($8BY1?%S$,(V'-" =5>"%(=<(*"(C"=5,"s#(  ID($;.(CD(A"$>#(?;."%(*=%#-HEB$0-, 146 MO)%H), " +,),&&-), H(
I"52A,+&(=<(D'+;$H(D'+;$H(23/ TH(550YIKYB+;(D'+;"¢"'E 02 =-">A"%EH(232@H5TUK

Uke+$=H( DK(jKH( V"; @HOXRH( =;( ."<=%>$*+=;( =<( <,"N?%$,( #*+<8[Kc+$SH(IKH([$ @$Y%H(LKH(M";. %6+ HYREISE" (=5++>+PS+ASH" (

0" 28 +=;(<B&*=0b(=<AEBPB!S>H(+(<UB=V" (H Vo PEUFEH-, 106! @";"%$*+=;( $;.( 128 H*$*+-"( "-$,28*+=:( =<( B ( >=." HK(
$(IM0)%H),1D2-0@ KDEBIEH (23/65KT S:/UOK(B+;(D'+;"#'E #$IE02&-5!1,HID2-0@ 2BH@B6BX&*=A"%EH(2323H(/3T2e UK
6KD™;H(DK(MKH(_$; @H(DK(gKH(j' $I@HMIBH{=;(=<(#'$I+; @ (*$A, "COBIC+SH( IKH( [$;@8%H( LKH( M";.%+IH#HN(1EHE+ES,( "-$,2$%+=;( =<(
=i( #%P8*%"( "+ @;( =<UH@( AP+, AGEFS0-,1%! $(! MO)%H),|  *=5=,=@7(=5*+>EP@0"#2, H(<=Yo(BYPE"(>=." +:@(=<(%"+;<=%&" (
D2-0@2MBMUEH(2323H(ERHB+;(D'+;"#(E &=8%"4KHS$IE02&-B3)H&H! #)MHH! U,(-152-0@20-&! +,),&&H(

eKC$?,$7H(LKH(C%-+"#*"TH( (BB BNHES)", | $(1-&),($- @&H! @$, @-&20"B6EH(2323H (5516658
1,H1115%,-31>0)%H), '§K(Z"F(i=%JK(_+,"7H(YSHe2HE5Kes32K  00KL"t;."PH (DKH( 9$@$#"*$H( WKH( 9=#SH( CALHK( TKHDKRIL" (

[3KFPH(ZK(OKH([+H(OKH(O ' H{GIRIH( (5 + << "HH(=<(%"+<=%&" (&= &Y™ +>"H+=8 (B, ++"(>=." (<=%(ST+H(S,.(."#+@;(=<(s=7%
&=25+@( A"$6K +,),&&),! D2-0@20-&K UTBX&*=A"%EH(ZHSH( 5+,"(&STHEG#U!D2-0@20-1%! SHOYIBSEH(23/eH(526(

0U/:062K 0SK?;H(iK( LKH( D'$"H( MK( 9KH( g+>H( OKH( 1$>+063PHEARAGIHE (=<(
/IK C$?,$THKH( O+ TH(WHUKS@=$, T <98". (875 +,@XS>H#(=<( 0™ +>"H#+=:%,( @%+.( #p2*+"(>=." ( $55%=$&'( +( #%2&*2%$,(
#"$%(F$, #KG#U!DE&@)1%!FO>%) @ 2BECEH (/e U BHIE6K &=;8%"4KGH#UID2-0@20-1%! SBQH/BEH(23/6H(55KBK

12KL"@=#H(NK()KH(C";" +#HpBIGSKIHB (%" #+#°$; 8" (=< (#'DoEE:.( 0MG'=?H([K(KH([+?H(KH(M H(jIS{ 8= 5 $#++ 80628, 14+"6 =." (
8=25+@( A"$>H( %"+ <=%&".( F+*( +& + 4K(S#6H D2-0@20!  <=%['5(A'$>#KD2-0@20-1%!#$, @(RABSEH(23/6H(551FBBE
S$0-,1H(6"B,EH(/ee6BBERK OTKM?H(K( dKH([-H(_K(IKH(_?BIKIKG'S; @ H( LK, 7#+#( =<(#*+<<;"#H#(

J0K9'$'%==PH( OK( LKH( ">>"*"%H( 1K("KH( SQHEAKHE( "#+@:($.( %" .28 +=;( &="<<+&+"H(=2(B=:8,,7(%"+:<=%&" ( &=;8%"*"(&=75,+,@(
5"%<=06>$;&"( =<( &=>5=#+*"( &=75".(IRUGBH+! S$0-1%! $(  A"$SH(=;(F"(A+SH(=<(#$62%+"(>=." gKES0-,1%! $(! +),&8-),"

D2-0@20-1%!+,"),&&H(!/e(B/EH(/ecOH(ER/ :003eK D@)& @&!1,HI?&@: $%$ 3! CROBIEH(2323H (566K62
ISKO?A" +HZ K (OS@HEKDY *+>$*"(,=S$.($: STH+H(=<(#*" (5,*" (%" +:<=YBRIKK-+" =H(IKH( b ?*+"%%"PBCIKH LK ( MENG"%+>" %, (-8, 2%++=; (=<(
&=:8%" " (A"$ B, ), &&-),1D2-0@20-BA(20BEE33/H(S5BT 6:/3Uel  =5*+>+P".( #¥f* :*+"( >= " #( <=%( $( .$55".( A"§K(D2-0@20-1%!

MK 9+HIK( ciI( L+8WK(IBK $;@d K(_Hp N5"%+>"*$,( %" #'$%&'( = @$,@-&H&IBOEH(23/TH(55863Ke
H >+ & AS-+=0%(=<(HBH <=%&" (&=>5=H#+*"(&=75,+,@(A"$>HOBK "+H(_KH(9'$=H( DK(WKH( c+$HIKOMIEES, (#42.7(=;("<<"&*+-"(
#>$,,( #5$;*=."5%( %$GKG$0-,1%! $(! MO)%H), ! D2-O@DIBBE ~ #-+<<"##( =<( %"+ <=%&".( &=:&%""( '=, =G{( B WH#)*)%!
23/NH(55RE://S(B+;(D'+;"#'E +),8&-),'1S$0-,1% H(*2B/3EH(23/eli@SK3K (B+; (D' 4"

ITKM MK (Z-HWb HA(_$; @ KMIKIDO™ $%6(&$5$8+*7(=<(&=:8%"( 0eK-+;H([K(CKH([+?H(gK(VKH(MPEPABLEESI(>"*'=.(<=% (&= #=,+.$*+=(
# (5 $%( &=>5=#+*"( &=75,+:@( AIISF0-,1%! $(! #$,52-0@2)$,1%! <$&*=%( =:( %"#'%-"( A".( HEES0-,1%! $(! C1)%J13! D@)& @&! 1,H!
D28&&%!C&5&HBB1)!KEH(23/TH(EBFe3K +,&8&)," H(/UBOEH(2323H (5SR(NRS-;(D'+;"#'E

JUKL?'$ > >$.H(ZK(OK(MKH(L$P+;H(LK(OKH([4BBI(SHKEU(H( &% " ( S3Ky=*#=-=?H(bK(LKH(D=r#=-=#H(WR(IHKKS+, 2%" (&%+*"%+=;(<=%(ID(
AS>H#(Vor;<=%&" (F+H{™ (5,$*"#KKG#U! D2-0@20-1%! SHOHABAEH(  A"$>#0KL,),&&-),1D2-0@20-&K/T3B)5%+,EH(23/E5E55K
23/6H (55K (/030/K SIKL";H( WK( WKH( c+=;@H( [K( dKH( ["+B"+K6 &HE"%<=9%>%$;&"( =<(

16K_$:@H( 1K(\KH( [2=H( VKH( M?H G HHR( 5"%<=%>$;8"( =<( #*", %"+<=06&".( &=;8%""( &FHPY;( A"$>( #ASHH">A +"#( &=1#+."%+ @(
58" ($>5+@( 8&=;&%( &=%"( F$, #HFR=&"S," .(#", (5,8 (  "<<"&<(=<(!D(#§0S$0-,1%! $(! M0)%H), D2-0@EBRAREH( 23/eH(
A%SE+PBRE), &&-), 1 D2-0@20-&K2/0BW?;"EH(IB3/H20K S5KTSUR+(D'+;"#'E

JeK_$;@H( LK(\KH( M?H(jK( dKH( [PPRSHBIE+&( &7&,+&(*"#*( =;( “FRR/2H(gKH(L"; @H(ZKH(ISIBRIES" S, (#+2.7(=;(*"("<<"&*(=<(<,==%(
$>5+ @ (&=;8%""(&=%"(F$,, (F (B (&=:8"S," (A%$E&+ @#(?;."%( #.$A( =;( *"( 5%=@%"tH+-"( &=, $54#"( %"#+#$8"( =<( |D( #5$*+$,( <%$>"(
+$@=%,( =S.+0E( +1-2:TOLV&! +)8&&-),1 1H! +,8&) H P& E), 11#)%) %! +,"),8&-), S$0-,1%6H("2BTEH(23/eH(53BK/S
P)>-12)$H(0eB2EH(23/eH(SBRKIB+;(D'+;"#'E B+;(D'+;"#'E

23KM?H(jK( dKH(_$;@H( 1KO\KH( [2=H( VKH( [-O*R I #'+#>+&(SOK45; H(WK(OKH(_$; @H(DK(IKH(9'+H(dK(CKHOGHEHB{AMS-+=%(
5"%6<=06>$;&"( " #( $:.( ."<=%>$H=;( £=REE="(*BRWS-H!  &=*0%=,( >"*'=.( <=%( 'TAY%+.( &=25,".( H#FESY #7#*">( F+¥( 5,$*"
+1-2:TO1V&!+,),&&), H(OTB2EH(2323H(EB3{B2 (D'+ 'K %" +;<=0h&".( &=>5=#+*"( &=75+@KESL! #)*)%! +).& &),

2/KM?$; @H(IKH(M?H(CK(\KH(_$;H(cK(_KH(MT@#IGR(KM+<<;"##(=<( S$0-,1%(S3BY/EH(23/eH(ERKRH (D'+;"#'E
%"+ <=0h&".(&=;8%" " (#"$%(F$,,(?;."%(, $* BKBS-EL%! $(1/0,1,!  SSK-H(OK(OKH(LS; H(RK(E-?H(DRPH=ASA+ HE1E(SS, TH+H(<HVHY%(
4,)*&-5)23XY120-1%!D @) &HBERL EH(2BEH(BKB+;(D'+;"#'E BB5BEA*T (BB Yok <=0 &(&=>5=H#+*"( &=75,+,@ ( ALKBR-0@20-1%!

22K0'$%+<+H(LKH(9'$<+"+ FIELBEH-"(#*+H(=<(&=&%"*" (#"$%(F$, #( +,"),&&-5 H(OTBTEH(2323H(53K(BS;(D'+;"#'E
ASH" (=;(#$*+#+&S$, ( $;5RBT0@20-1%! #$, @ &IET EH ( 23/6H( FHHL+$;H( WK ( OKHIRHEHH( [+?H( iIK( MKH( [pHHESUI( =;( $H#"+#>+&(
IAT3:/AUTK 5"06<=06>$;&"( =<( C!D( B=2@( A"$% 'TA+%.( &=25,".( #"$%( F$,.(
20KM=?H( cK( _KH( _$;@H(iKH( i$;@H( iBBES +=;( =<(>"*'=.(=;(  #T#">K(+,).&&-),) [&@:1,)@5H( 0MB/IEH( 23/6H( 55KIUKY B+;(
B+ << (%" 288 <<+ &+ ¥ (=<(&=75,+, @IKIBI%H), | D2-0@HE0-& D'+"#"E

S6BeEH(23/6KEEMOKR+;(D'+:"#"E STHA+$HIL(OKH(9"+H(tH{(K@ZKH(_$; @H(@BI$% %", @* (H6*"

2SK+>H(WK(MKH( 1$;."%H 0K GORME<(*06$;#-" %" (V0" +:<=0%&">" *(=; 06"+, G6&" §e>5=H+8=75 + @ S>H#( F+* (18, (#5$; = . "5* (%$*+=(
" S HSY0( << HH( =<( &YBEI".( &=;80" Kb &), W @< #%PS;. C =.", gKE),.&&-), [&@:1,)@5 H( 00BAE
D2-0@20-§8e B6EH (233UHERBBRUK 23/TH(5518Q: /SeKB-+;(D'+;"#'E

27KO"%;$%. =H([K(\K(KH(L"+N"+% SAMEL KM =<, (*9#>=" ( SURS:@H(WKH(_?H(iK( LKH(i$:@H(iK( OKH( i Bi4ComSas#" (
<=0%( 59" H " HH"  &=8%""( A"S>H#( ?;. VeSB! $( MO)%H),T ."#+@;( >"*'=.($;.( 52#'=-"06( $:$, B+#( =;(#*" ( 5,3*"( $;.( &=;8%"*"(
+),88), H(/eB9"5*">A"MER/6H(55K (JeK &=>5=H#+*"(&=75,".(#"$%(FHF $-&59), D28&&IIMO)%H), 'D2-0@ 20-&5

2TKO"%;$%.=H([K(\KOKH(L"+N"+%SABIEKLIMHE"". *%62##(>=(,  20B30EH(232/H(55KKAB+;(D'+"{'E
FH4( <<+ & #2, 24+ 5%=8".2%"( <=%( %"+;<=%&".( &=;8&%"SEHS> H_ Ki Ki(9m! Kg K[ Kl CSHUKWEDI*%";@* ( $;.( .28+, +*7(=<(
2. (*=Vott+=; (&=>A+" . (F+ (A", H@2-0@20-EBT B1$TEH(2323H (55K SA". . (#+" ( &=>5=#+*"( &=75,+,@(A"BHEH*1,@ &5 D2-0@20-1%!
TA:TTeK +),&8&), H(TBAE330H (536 0N

2UK0"%;$%.=H( [K(\K( )KH( L$A=%.$H( DEF-SR{,QKI?##( >=." ( <=Y&el'$;@ HbKApH\E&-)I&,21%! 520H3! $,! 5&)51)@! >&:1%)$-! $(! 52&&%! E%12&!
%" +;<=06&".(&=;8%" " (A"$>H(?,. Y (=%t + = (E=FAIN+$,(<=HR"  -&),($-@&H! @, @-&2&! @SOEY)KEKET( *"#+#( =<( Lit+@'"?$(
GEE%)&H![&@: 1) @FEH(2323H(55RK(e Y 4"+ SHR33H (55K (REBIR(F; (D'+;"#'E

26KV" $+9%H( 1K( giBt06?*( $;.( *+"( >=."+;@( =<( .™5( A"$>#( #"$98KO2H! Kg K[ HI([$>H_ Ki HA(CSHMINHE N5 "%+>"*$,(#52.7(=<(5,$*"

23/6H(58ESU2 ek 21%%!1, HI5E&@)1% ! H0§BOEIB3eB5KI0" 27 UK
2eKZ$A+ $'H()K(OKH(g="H(DK(bKH(9$ <+ Z Rt <(&=;-"*+=,3,,7(

%" +;<=06&".( &=75,+;@( A"$>#( 2+ @SV *( $;.( *+"( >=.tK(

F-$@&&H),'51$(12:8! BB2-0@28+/UOBTEH(23/e HEBK(/

/SO



