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l.J'1fl1\ltJu1~mru'!Jt1\I 1A1\lfl11vi1t111vm1V1~t.1'1lt1 L'1t.1t11 mL111'1~fl1''I "il~L ut.1~m ~t1V1ut11A11mv 1 t.1u1~L Vlf'l 
" 
'l-1~tlll~~VI L~'W'1'W'l-11t1tJ ~~VI L~'W'1'W'l-1~flVl1'YI ~~1;fom.~(\J11111 ~U1~ fl tltJn"il fl11L~'W'1'W L ~ti fl11Yl1 cU'll~ LL'1 ~ 
u1~ flt1tJu1n"iJ ~1u1~ nt.11111l.Juw fl1f'1'!Jt1\lut11m1LL ~\lu1~ L Vlf'11 VI v mm1 vzjt1ll~~VI L~'WVl'W~i5t11fl11LL ~\I 

' ' 
u1~L Vlf'11VIVLL;\ILlV'W1 ~V111tJ 1~v~"il11ru1"i11flvt1~L~t.111l.J'!Jt1\11\IL~'W~'WL zjt1~"1'11fl\11'W 1 'l-1~1tJ1t1\I vi1t1~ 
"1i1fl\11t.1'11'!J11'tJ1t1\I (mru1;-rlll.Jt1tJe51t.11"iJ"i11fl"1i1fl\11t.11 '1-1~) zj\lt1t1fl 1 ~LLn~~'W;m'1t.1t1 i!tJn\11't.1~'W;t1 
L'1t.1t11~ Ln'W ~o 1't.1 

(!!?) mru~~'W;m'1'WmU'WU~llflfl'1~~~~\l~'W\111l.Jflnt-1mCJ~1\IU1~LVlf'1 vi1t1 
" ' d.J 

'\iflfl'1511l.J~1~in;~t1'1(\J'll1~1 VIV ~~'W;tlL'1'Wtl'11lJ11C1'!J€11\IL~'W~'WL zjtl 1~v;t1\1~1\IL~'W~'WL zjtl (9) 1 'W ct '!Jtl\I 
I I I ti I t.I I ..J 

l.J'1fl1\ltJU1~mru'!Jt1\l Lfl1\lfl11"1-11t111v fl11Vi~t.1'1lm'1t.1t11 'WLLll1'1~fl1'1 "ii~ L U'W~'WL ~t1Vlut.11A11mv 1 t.1oJ1~L Vlf'l 
" 
Vl~tlll~~VI L~'WVl'W'l-11tltJ ~~Vl L~'WVl'W'l-1~ flV11'YI ~~1;1'llt1'Wn 111111 ~U1~ fl till f1 "ilfl11L~'WV1'WL ~ti fl11Yl1cU'll ~ LL'1 ~ , , ,.,~ , 

u1~ flt1tJu1 n"i1~1u1~ nt.11111l.Ju1~ fl1f'1'!Jt1\lut.11m1 u ~\lu1~ L Vlf'11 V1 v mm1 vzjtlll~~Vl L~'WVl'W~ut.111°111 LL ~\I 
' ' 

tl'W n 111111 ~u1~ fl till n"il m1L~'WV1'W L ~ti m1vi1 ru'll ~ LL'1~u1~ flt1tJu1 n"il~1u1~ nt.1ml.Ju1~ m f'l'!J t1\lut.11 fl11fl '11\1 ,11:1~ , , 

~1\IU1~ L Vlf'l\j'W \111l.J11 Vzjtlll~~V1~5'W1fl11fl'11\I ~1\IU1~ L V1 f'1J'WLL ;\I LlV'W 1 ~V111ll fa V~"il11t1J1"il1 fl Vtl ~ L~'W 
11:1J'!Jt1..:i1..:i L~'W~'WL zjt1~"1i1fl..:i1t.11 'l-1~1'mt1..:i vi1t1~"1i1 fl\11t.1'11'!J1fo1t1\I (mrul;fol.Jt1tJ rl1t.11"il"il1 fl "1'11 fl 

..:i1t.11 '1-1~) zj..:it1t1fl 1 ~LLn~~t.1;m'1t.1t1 i!tJn\11't.1~t.1;m'1t.1t11~Lnt.1 cio 1't.1 

ct. mru~~t.1.LJm'1t.1mut.1iJ&itJflfl'1~~~~\l~'W\111lJflnvimv~1..:iu1~LVlf'1 vi1t1 
" ' d.J 

tJflfl'1511:1J~1~il1;~t1'1ru'll1&11 VlVmlJ.LJt1 l!l .Vt1 rn LL'1~.LJt1 ct (l!l) lJ'1A1"il~;tl\I LU'W 1uml.J511111LL'1m u~v'W 
' v " 

.J ' ' ' ' ' 
L~'W\11111111l.JU1~ fl1f'1V15'W1fl11LL t-1\IUW L Vlf'11 V1 V n1Vl'W~ 1 'W'll1\11~'1-111\11'Wi/i Li:J V LL Y11U1~ fl1f'1 LL'1~ Ltl fl'111 



U'ltf1'Wl'l1f111 '\.J'lt'IJ'IJ~Vl~€l~Vl~1.:J.fl1fl'S'~;1tJ~L~fWl'l€lUn~ (e - GP) ~'\.J~.:Jl'\.JL'1'\.J€l'l1f11 
"' 

~ .J' "'d ti t.I ,d d ti " d I.I .J IV 
1 

.q 

VM'\.J e.JtJ'\.J'lJ€l L'1'\.J €l~tt'l€l.:J tJ'\.JL€l nG11'lV1LL'1Vl.:J1 "1L '11'\.J fl.:1'1J€ll.J'1 Ln tl1 n'l.Jl.J'1 f11'1V15 
\I \I " ,.. 

'1Jv.:in~m'lLL;1u~mru U'ltnvunuLvn'11'lvi'.:in~11~t;v.:i~11..1m'l'S'mv.:immtLut1umtvi'l1.:i 

f11'l~1.:JU'ltL Vll"ll1;1tJn1'~-S'm€l.:JL€ln'11'l YI .1"1 . \!Jct'.mci LL'1t~LL;1'llL ~l.J L &ll.J rl1"1'\.JV1 bVltJ~t;€l.:J~'\.JL€ln'11'lvl.:J 
1 CV d I.I lid SI A tl.c:ij d QJ 

1 ti CV d IJ t.14 
1 "'d 

nm111..11'\.Jt1'\.J'llm'1'\.J€l "11mw1..1'llm'11..1€ll.J1vil.J f11'ltJ'\.JL€ln'11'lvi.:i n'111l.J1'W 'l€ll.J nu f11'ltJ'\.J'll€l L'1'\.Jv 1 "1ri v11e.i tJ'\.J 
~ ~ 

;m'1'\.J€l'l1mTtJ~'\.JL€ln'11'l 1~mu;1'\.Jt'l1l.J L1el1..11'll~rl1"1'\.JV11 ;1 meln'11'lU'ltmvi'l1A1 

'<:>. mrut'l1l.J ;€) (9) - ;€) cr 1~1;u.:iri'umruvi'.:i~€l1ud 
d lid 1J I 

('<:>.©) mruVle.JtJ'\.J'lJ€lL'1'\.Jm U'\.J"1'\.J1tJ.:11'\.J'lJ€l.:J'S'~mtJ 1 'l.JU'ltL Vll"l 
~ "' 

(b. l!l) u&lu flf1'1~~vi~.:i~1..1t'l1l.Jn f1"1l.J1t11 vi ti~el v'lt,,,,11.:i m'l~'\.J~ n~ m'lt'l1l.J 
~ dJ 'U \I 

'W'lt'l1'lJUqj~&l;l.J'1t'11tJ 'W .1"1 . \!JG.:'.~m LL'1t~LL;1'i.JL~l.JL&ll.J 
tJ' I tJ d Ill.I ti 

(b.m) .:11tJ~1.:i nel'1'l1.:JVln'll.JUqj:iln'11.:J 1vi'litJVlt Lu tJ'\.J~U'lt nvu f11'l .:J1'\.J 

rlel'1;1.:ILL;1 LL'1t.:11'\.J~1.:lrlel'1;1.:1~"1~1tJ.:11'\.J'lJ€l.:J'S'~m;nm'l~Vlvl1Uf11:g~i.J'ltn€l'Un1'l.:11'\.Jrlel'1;1.:J~i1 "' ·~ ~ 

~ru'1l.JU~L \)el.:i;'\.J 1 ;LL;1rlel'\.Jl'\.J~'W'lt'l1'llUC1J~~f11'l~V1~el~vi~1.:i., i1e.i'11 ;u.:il°lu 

(b.G.:'.) f11'l~Vl~€l~V1;1.:Jt'l1l.Jl.J1t'l'l1 ct'.b 1'l'lf1"1~.:J (\!J) ('ll) LL'1t (fl) LL~.:! 
" Y1'lt'l1'llufll~~m'l~vi<Sv~vi~1.:i., 

(b .ct'.) f11'l~€l€l".:J"111l.JV1-S''W ~ LL'1 t f11'l L ~1€l".:1"111l..JV1-S''W ~ 
(b .b) mru.:J1'U;1.:J'IJ1f11'l"11el.:J1'\.J;1.:JL"1l.J1'1.J1f11'ltl'IJ'\Jflf1'15'l'll..JV11 L~'\.J ;1.:1 

' 
yi-J'n.:111..1-n'mri m'll11~1.:i'lJ1~ Y1-J'n.:i11..1Ln'IJ'lltJt Y1-J'n.:i11..1u1..1Vin;ell..l'1 LU'\.J;'\.J ,, ~ 

l!J.©G.:'. ~~'\.J;m'1'U€l;el.:Ji1Lfl~el.:!;1.:!fl'l1'\JtJ1.:!;1tJ'lt'IJ'IJUV1tl1LL'l.:!'1.:!YlL1"1~ (Ultra Hioh 
~ v ~ 

Water Pressure) 1viti1 ~LL'1Vl.:!"1'1n~1'\.Jf11'lL U'\.JL;1'1J€l.:Jn'l'll..J~Vli "11elf11'lfl'l€l'\Jfl'lel.:J LL'1tLL'1V1.:J'l1tJ'1t LBtJVl 
"' 

'llel.:JLfl~v.:ii'.lmL'1tLf1~€l.:i~mn'111..111..1~1..1;m'1'\.Jel vi'.:id 

(©) LLflt'lt'l1~€ln (Cata loo) "1~€l'l1tJ'1tLBtJV1~r:.J~t'l'lJ€l.:!Lfl~el.:!UV1tl1LL 'l.:!vl'\.JG1.:!YlLl"1~ 
~ ,, v 

" i.11 LL 'l.:lvl'UG1.:!Yl Ll"1~~1 nu1,jV1(:.Jr:.J~(Ol v v 

h©ct ~ ~'\.J;m'1'\.J€l~t ;el.:i LL'1V1.:J Lel f1'11'lLL'1vi.:i m1l.J L U'\.J L ;1'1l el.:! 11..1m'll..l~vii '111€1 
~ 

fl'l€l'\Jfl'lel.:J bVltlf11'lL ~1Lfl~el.:J~n'lLL'1t Lf1~€l.:1;1.:Jfl'l1'\JtJ1.:J ;1ti15m'l1 ;'ltU'IJUVltl1LL 'l.:lvl'\.J'1.:!YlLl"1~ (Ultra 
~ 

High Water Pressure) 11..111..1~1..1;m'1'\.J€l vi'.:i~v1ud 

(©) mru~L'1'Uel'l1f11L U'\.J~U1L ;1Lfl~el.:JUV1tl1LL 'l.:lvl'\.JG1.:!YlLl"1~1 ~LL 'U'IJ Lel f1'11'l 
v v ~ 

0 0 ti d .::ii ~ QJ A l/O ti 

- '11 L '\.J1 Lel fl '11'lf11'l'\.J1 L '1J1 Lfl'lel.:JtlVl'\.J1 LL 'l.:!Vl'\.J'1.:J'W Ll"1~'1J€l.:Jr:.J'\.J1 L '1J1 
v ~ 

- ~1L'\.J1f11'loU1'lt.fl1;;U1L ;1 L fl~el.:JUV1tl1 LL 'l.:!vl'\.J'1.:!YlLl"1~'1Jel.:!~U1L ;1 v v 
ti I d ti ti 11 

(l!J) mrur:.JL'1'\.Jel'l1f11 L 'lJ1 Lfl'l€l.:JUV1U1 LL 'l.:lvl'\.J'1.:!YlLl"l~l.J11'll.:i1'\.J1 "1LL'\.J'IJLeln'11'l 
~ ~ 

0 0 t.I d .e:ij ~ IV A 
11

0 SI 

- '11L'\.J1Leln'11'lf11'l'\.J1L'lJ1 Lfl 'lel.:Jtl Vl'\.J1 LL 'l .:!Vl'\.J'1..:J'W Ll"l~'lJel.:J r:.J'U1 L '1J1 
~ ~ 



- '11L 'U1~~1Jt1J1L ~1Lfl~fl\luviJ1LL 'i\l~'U~\l~LP1'l'f'11f1~1 ~L ~1 
0 0 qg II d cal~ Q.I A "'o II 

- '11 L 'U1 f11'i'U1'i~Jl1'l'f'U1 L 'U1 Lfl'ifl\IOvit.11 LL 'i\lvit.1'1\l'l"l Ll'i'l'f'Ufl\I e.Jt.11 L 'U1 
\I \I 

(rn) mru~L'1'Ufl'i1fl1~mfl~fl\IUviJ1 LL 'i\I ~'U'1\I~ LP1'l'f'11 n \111 LL Vl'U ~1'vlU1CJ1 t.1 
\I \I 

1 ~LL 'UULflf1'11'i 

' " 
- '11 L'U1Lflf1'11'if11'iU1L 'U1Lfl~£l\IUviU1LL 'i\l~'U'1\l~LP1'l'f'Ufl\le.JU1L 'U1 

\I \I 

II ' lJ II t.I 
O O .:iiO .di ell 0 QJ A 0 

- '11 L 'U1f11'i'U1'i~Jl1'l'f'U1 L 'U1 Lfl'ieJ\10 vit.11 LL 'i\lvit.1'1\l'l"l LP1'l'f'Ufl\le.J'U1 L 'U1 
'IJ 'IJ 

- '11L t.111 u L'1~'1foL~'ULfl~fl\IUviJ'1LL 'i\l~'U'1\l~LP1'l'f'11f1\il1LL Vl'U~1'vlU1CJ 
\I 

., d " 
m. vrnm11'Un1'at1'U'UeJL~'UeJ .. 

"d II II '-' .Qj II QJ QJ J' 
e..i CJ 'U'U fl L'1'U fl '1 ~ l'1 eJ\I L'1'U fl L fl n '11'i'vl~ n ~1'U CJ'Ul.l 1 'l"l 'i fll.l nun 1 'i L'1'U fl 'i1fl1 V11\l 'i~ u u '1 vi61lfl 
\I ... 

~vi~1\lmfl-r~;1CJBL~f1Vl'iflUn~ tvimLCJnLUt.1 tv ~1t.1 ~fl ... 
~1'U~ @ ei~1.:i~ew;e:i.:iijLein~1-a~.:i~e:ihHl 

(G>) 1 t.1mru~~t.1;m'1t.1m tlt.1u~uflfl~ 
\I ' 

(n) ~1\l~t.1~1t.1'11l1n1-v1~e:i~1\l~t.1~1t.1~1nvi 1~~t.1'11Lt.11-v1i.J\l~flfo'ifl\I 
' •t: ' 

q AA QJ q d II I ti Cl.I 

f11'i\lviV1~ LU CJ'U'Ul'lUfl fl~ U ru'U'i1 CJ'Ufl'vl'U'11'Ue..1'1 vi f11'i , "' , " 
('U) U~~V1~1nvi'vl~flU~~VllJ'vll'U'U~1nvi ~'U'11L'U1'vltJ\l~fl-rU'ifl\lf11'i 

'1viVJ~L uCJt.1ii~LJflfl~ -v1i.J\l~flu~flru~'1t.1fi D'1J~'i1CJzjflm'iiim'i~~vim'i LL~~ir'Y~~nei~t.1'i1CJ 1-v1~ (;1i1) 

(tv) 1 t.1mru~~t.1;m'1t.1m tlt.1uflfl~u'i'iiivi1-v1~flflru~uflfl~~m ~u~uflfl~ 1 ~ \I , , , 

~t.1'11 L 'U1Dl'l'i'\J'i~~1\il1'\J'i~'U1'U'U'Ufl\l~Jt.1 '11 L 'U1;fll'l n~.:i~ LL'1vi\ln\I f11'i L ;1 L i'.lt.1~'U~1'U ( ;1i1) '11 L 'U1Ul'l'i 
\I ' 

tJ 'i ~ ~ 1 \111'\J 'i~ 'U1 'U'U'U fl\I ~ L ,j 'U~'U ~1'U 'vi~ fl '11 L 'U1'vltJ \I~ fl L~'UVl 1 \l'U fl\I ~ L i'.lt.1~'U ~1 'U~in; n fl~ '1! 'U1 ~1 V1 CJ 
"'d V I.I'' II ' II • I.I lJ' 

(rn) 1 t.1mrue..iCJt.1'Um'1t.1m i'.lt.1e..i8t.1'Um'1t.1fl'i1w1't.11 t.1~1t.1~ L i'.lt.1e..i'i1iim 1-v18t.1 
\I 'IJ "'* \I 

'11L 'U1~ruru1'Ufl\lf11'iL ;1~1lJ;1 LL~~LBf1'11'il'11lJ~'i~U 1 ~1 'U (G>) 'vl~fl (Iv) 'Ufl\1~~1lJ;1 LL;1LL~fl'iru 
" "' , 'U 

(ct) 

G> . mru~ ~'U;B L'1'Utl L i'.lt.1U~U flfl ~~~vi ~\l~'U\111lJf1f1'vllJ1CJ1 V1 CJ'vl~fl ~1\1 
'IJ ' 6J 

'\J'i~ L V11'1 zj\11;'1viVl~L uCJt.1Lnt.1n-l1 (§) u ~fl'li1lJ~A1'1VlB'Ufl\lfl'1f11'i '11ne..1~~1\l'i~-v1-l1\l~t.1Vl-r'l"l~'1Vlfi-Xn;1CJ 
\I ' ' 

-v1tl~t.1~V16~'\J'i1nn1t.1\IULL'1vi\1]1'U~f11'iL~t.1~i1n1'il'l'i1'1-ru'ifl\ILL;1 ~\1'1~~fl\ILL'1vi\IA1Li'.lt.1mn (§) u~vi~1CJ 
1 d II ti I I II tJ 

nfl'Ul'UCJ'U'Um'1'Ue:i \lu LL'1vi.:i ~1'U~ n1'iL~'U (§) u'1viV11 CJnflt.11't.1vt.1'Um'1t.1e:i -v1m CJn\I \IULL'1vi\1~1'U~ n1'i L~'UCJ flt.I ... ' ... 
1tlnflt.11't.1~-v1u1CJ-:i1t.1'Uei-:i-r~n1-v1t.1vi1 ~Li'.lt.11't.1~t.1;m'1t.1fl (§) utJi)Vit.1 L ~mL~mruD~LJflfl~~~vi~-:i~t.1\111ii 
f1D'vllJ1CJ1 V1 CJ 'vl1 fll'U~'U; m'1'Utl L i'.lt.1~1\l'i~ CJ~ nm~ fl'ilJ~~'U1Li'ifl'1f11'i;1tl1'vl'Uvi1 ~U~U fl fl~ ~'U\IULL'1vi\I 

6J ' ' 

~1'U~f11'iL~'UtlUfl'ilJ~~'U1Li'ifl'1f11'i;1 zj,:i\l~flCJ 1 t.1~1\IL~fl'UlJfl'i1fllJ - L~fl'U'\'llf1'l':IJl1fllJ 'Ufl\IVlflU tviCJ 
.U • \I ul '! 

U~Ufl fl~~ L i'.lt.1~ ~'U;fl L'1t.1fl'1t.1 EJ'lfl ~1 t.1~1-l'Ufl'l f11'i~'U\IU LL'1vi\1~1'U~ f11'i L~'UtlU fl'ilJ~l'll'U1Li'ifl'1 f11'i;1 ~ti 
, \I \I .,,,, , 

1 t.I II d ti 11 

'U1\IL~fl'UlJfl'i1fllJ - L~fl'U'l"l~'l'f.fl1fllJ mruitl 'vl'11lJ1'it"1CJ'U\IULL'1vi'l~1'U~f11'iL~'UCJfl'U 1 '\JBn G> U 1vi 

h mru~~'U~flL'1'UflL i'.lt.1iJ~Uflfl~~~vi~'l~'Ul'11lJflf1'vllJ1CJ 1VlCJzj,:ieJ',:i1~lj 
\I ' 6J 



i;rnJ fl f1'\-ll.J1 tJ~1 ·nJi~ L Vl?izj'l ~..:i 1~lj f11ii1 tJHl.J'lU LL~Vl'll:i1'1.J~ fl1iL~'l.J 1 ~~'11iru1 f11i n1'vl'l.J\illRt A1'U€J'l 
~ ... ~ 

.QI tJ .cJ al LI .QI .r.:111 .J .c:i1 o 1 
I.I t.I QJ .Jd tJ 

1 6 
Vl'l.J'1V1Vl~L UtJ'l.J tvit1t:JtJ'l.J'tlm~'l.J€1'1~(;)€J'll.JV1'1.J'1V1Vl~L UtJ'l.JVlL Wfl'll1i~l.l'1A1'vl'l.JLLm ru 1'1.JVltJ'l.J'tlm~'l.J€1 Ll.lm 

, \I , \I , 

f111 l!:l '11'1.JU1Vl 

rn. ~1'vlfom1'1vi~€1'1vi;1..:iA#..:i'vl~..:i~lj1,,:iL~'l.JLn'l.J ctoo,ooo U1Vl~'l.JL'i.J 

mru~~'W;m~'WmU'l.J~AAffoiil.lvi11~~'111ru1'11fl'vlU'l~€1fo1€1..:iu{!J~L~'l.J~1fl1~Ln'W ~o i''W rl€1'1.Jl'l.J~'l.J;€1 
L~'l.J€1 tvit1;€1..:iljL~'l.J~1flA..:iL 'l-1~€1 1 'Wu{!J~o'l.J1m1LU'Wl.J'1A1 m 1 'W Ci'. 't1€1'll.J'1A1..:iui.J1~l.l1ru't1€1..:i 1A1..:im1'vl~€1 

i1 ti mi~ ~'l.J;€1 L~'l.J€1 1 mL~"'~ A#..:i LL'1~m fl L U'W~'ll'l.J~ fl11'1vi~€1'1vi;1..:i"v1~€1 L U'W~1;ru fl11"1vi L~€1 fl'1~; €1..:i 
~ ~ 

LL~vi..:i'vlu-i ~€1rm€1..:iu {!!~ L~'l.J~1fl~ljl.J"'A1~-i fl~11B flA#-i'vl~-i 1'W1'W'1-1'1.J1l.l1 'W~{!J{!J1 
Ci'., mru~~~'l.J;m~'l.J€1 1~ljl.J'1A1~Vlfi'tJ€1'1n'1f11i'vl~€1Vl'l.J'1\ilV1~ L UtJ'l.J '\-1~€1 

\J \I , , 

I o 1 LI d I.I ... LI 

lj LL(;) 1rn Y1ti-i~€1Vi'1~L 't11tJ'l.J'tlm~'l.J€1 ~1mifl~1LU'l.Jf11i 1vi~..:iti 

(m) mru~~'l.J;m~'l.Jm U'l.Jil~UAA'1~'1V1~'1~'1.J(;)1l.Jflf1'\-ll.J1tl 1 Vltl '\-1~€1 
~ ' ~ 

~AA'1011l.lvi1~n€J~{!J'll1~1Vlti ~~'l.J;m~'l.J€1~1l.J11C1'Um-iL~'l.J~'l.JLzj€1 tvit1;€1..:ilj1-iL~'l.J~'l.JLzj€1 m 1'1.J Ci'. '11€1-i 
1 t I LI I LI d I 

l.J'1A1-iui.J1~mru'U€1..:i 1A1..:im1'vl~€111t1fl11Vi~'l.J'tlm~'W€1 L 'l.JLL(;)'1~Ar..:i '1~L U'l.J~'l.Jb'll€1Viomm1mti1 'Wi.Ji~L VlPi 
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b.C9l 1 u m1~'111ru1 ~"' n11~u; m~ueitlw fl1V111fl1B L~ flVl'ivlin~fl~\ltl ml.J'1:: 

~'11'iru1til~~u 1~v 1; V1"'rnnru,;'i1fl1 
' ,, 

b.l!:> n1'~~'11'iru1~'lJu::n1'iV'U'llm~uei 
" 

11 t ti I IV II ' d 
D.6!1 V11fl~V'U'lJVL~'Uel11V 1V1liflru~lJ~1mrn~v\1~1lJ'lJ1) l!:> Vl~el~'UVI"' mi1'Uf11'iV'LJ 

\I , \I dJI 

II 1 II 1 II II d II o IJ II 

'!lm~uei 1m-1n~ei.:i V!~ei 1l.Jfl'iDmumlJ'!lv 6l1 V!~eivu'llm~uei 1min~ei.:iml.J'!Jv Ci'. flru::m'il.Jfl1'i~'111ru1~w1 
" " 1 ll lld II ti ll 1 lid II 

'1:: 1l.J1'uvhn1ru1'!lm~u ei'!J ei.:i ~V'U'!J ei L~'Uv'i1 vi1u nu LL~ ~ vu'!lei L~'U ei'i1v 1~ L~umei n~1'iV11.:i L VlflUflVl~ei 
" " 

'!Jel\JL '!J~\11'U~'1::;1\l 1~fl'j"\J;1'LJ Vl~VL~'LJB'i1V"1:: L~t!VlLL~ n~1.:i 1tl'11rn1eiu1 '!J~ ml.J rl1V1'UV11 ~1 'Utl'i:: fl11'1LL"1:: 

Lvn~11tJ1::fl1~11fl1BL~flVl'ieJUfl~ 1 u~1u~m ~~1'i::cl'1~'1JLL"1::fl11l.JLL~fl~1\l,r'U 1~li~"1vi11 ~LnV1n111; 

Lt.f'forn~mtl~V\J~e) ~~'U;VL~'Uel'i1V~'U V1~VLU'Ufl1'i~V1~"'1~L~fl,;eltJ flru::m1l.Jfl11~'11'iru1~"1"1 el1'1 
" 

~'111ru1~eiutl'iu n1'itil'V1~V15 ~ ~u;m~u ei 'i1t1'1u 
" 

(l!:>) L"1'UV11tJ"1:: L~tJ~ LL~n~1.:i 1U'11rn1eiu1'!J~rl1V1'UV11 uLvfl~1'iU'i::fl1~ 

fa~ flVl'ieJU f1 ~~ L U'U~1'i::cl'1~ry Vl~eili~"1vi11 ~Ln Vlfl11l.J 1;L tl~tJ\J L~ m tl~tJ\J LLrl ~ ~'LJ; VL"1'Uel'i1 tJ~'LJ 

b.ct 1um1tii'V1~um1tJ1::mV1'i1fl1BL~flV1'ivlin~V1~v1 un11vi1'1ry'1)1 flru:: 

m'il.JflWVl~11ru1~"1., Vl~elml.J li~V151 ~~~'U;VL~'Uel~LL'1\l;m ~'1'1~\I L~l.JL~l.J 1; ml.Jli~V1B~'1:: 1~fo;ei 
" 

L~uei 1~1'm1m Vl~ei 1~vi1'1'1)ry1 V11n;m ~'1'1~.:ilii'.:in~111~L Vlm::~l.JVl~ei 1~~n;ei.:i 

b .b ml.JVJ'i\11~zj\l~VJ5~'1::1~1'm1fl1~1"1V1 V1~B'i1fl1V1~\111fl11~ V1~ei11m ~L~uei 
' 



vt~e:iA1L~CJvnCJ1~ 1 iJ1; ·rJii~.::i mii\l~~\l1'H'\J1 CJm~nrn1tJ1~ mm-1 mB L~ nwrniln~ m=i~n\l L '\111j~ ~'U;e:i 
II ti 1 1 II 1 II I II I c$ .J d LI I I II 

L?l'Wm uw: . .iVi.::i.::i1u 1m1\l~ LU'U~~'W'lJm?l'WeJVl1~~i.m11A'~L~e:invt~e:i 1iimnii vt1ni1Lvtl1l'VlL 'lle:i~e:i 1~11rn1~'U'lJeJ 
\J \J • 

L'1'We:im~vi1rn11~CJ1~'1\l1111 L~'U rn1L?l'Ume:in?111eJ''ULU'ULVi\l vt~e:i1;~e:J'\.Jflflno11ii~1 vt~e:iil~'\.Jflfln~'Wm . ' ' 

I t.I I LI .J I I tJ I I 

1 "WmruVi~~'W'lJm?1ue:i11CJ'VlL?1'Ue:i11fl1~1?1~ L?1'Wm1fl1~1\l'Ufl1~vtmCJ 1m11ii 
\J • 

e:J1\lvl1L il'W.::i1'U1111iiLe:in?111tJ1~m~11mBL~mi11eiiln~1; flru~m1iirn1~\l1w.11~n., vt~e:i mii \!~ h~~~'U;e:i 
\J 

L?l'Ue:itr'U~LL \l\I LLn~ LL?l~\lvt~ n '11'U~vi11 ~b ~e:J 1;11 ~ ~'U;e:J L?l'U e:J'11il11t1 vl1 L il'W fl111111il L eJ n'111U1~ fn~11 f'11 .. " 
BL~n'Vl1e:iiln~1 ~L?l~\l?liimru vt1nl'i1~LL\l.::i 1~L u'U~foYr.::i 1; mii i1~'Vl5~\l~ 1~fo;m?l'We:ivt~e:i 1~~m1fl1'1Jei.::i 

\J 
lld II I.I II II I.Id II I I LI 1 II I I 

i:.mu'lJm?l'WeJ11CJU'U Vi'.::iii ~CJ'W'lJm?lue:i~.::inn111iii1~Vl5L~CJme:i.::ifl11'll\l1CJvt~e:imL~CJvt1CJ1~ 1 \l1n mii 
\J \J 

o.~ n e:J'Wn\l'W1il 1 m1t1) C1J1 mii e:ii\ltJ1~ fl1f'lCJ m~ n rn1tJ1~ m ~11 mfo~ n'Vl1e:iil n~ 

vt1ntJ11n!J11i1rn1nwvi1~L;1~n1jru~~~'U;eJL?l'WeJ~'ll'W~rn1tJwm~11fl1vt~e:im;forn1A'~L~ein i1~n 
U1~ LCJ'll~~1Wl'U vt~eii1~1'U 1;L~CJtl'\.J~ ~'U;e:JL?l'Ue:J11 CJ~'U vt~e:JoLJ~'lJ11\lfl11 LL ~\loLJ'UeJ ~1\1 L U'U511il vt~e:J ?Iii CJ e:Jil 

\J 

n'Wnu~~'U;m?1'Ue:i11CJ~'U vt~m~1vt~1m 'Urn1L?1'Ue:i11m vt~e:i~e:i11m~vi1 rn1Vl\l1111~'U 1~ 1 'Wrn1L?1ue:i11m 
\J • 

II I ti d I I I/ II II ti II o I/ 

~~'W'lJm?l'Ue:i11CJe:i'UViti1Ln'U1eJCJn~ C9lo 1vt~~~e:i~~\l1.::inu~tJ 1~ne:iu rn1 SMEs ~.::inm11~CJ~m~CJ.::ifi1~u~ 
\J " \J 

~'LI; e:i L?l'We:izj.::i L u'W~tJ1~ ne:iu rn1 SM Es zj.::i L?l'W ei11 fl1?1.::i n1111 m ~1'1~'1J e:i.::i ~ ~u;e:i L?l'Ue:i11CJ~'W 1~ Lnu;e:i CJn~ 
'V 'V , 'V 

C9lo ~\l~L~CJnmvi1'1qJt1]11~Ln'U rn 11CJ 
"-=' I/ .J 1 II I l/ I LI ti I I/ 

~ CJ'W'lJeJ L?l'Ue:i'Vl L uun\lrn111ii mVi\l~ 1~~'Vl61111m11flvtil.::i ~ L 'IJ111iim'Vl m1 CJ 
" \J ' 

\l~;eJ\ILU'U~tJ1~neiurn1 SMEs 
\J 

~.:id ~tJ1~neJ'\.Jfl11 SM Es ~\)~ 1;LL;il~e:J;1'U11f'111111il111flvtd.::i \l~;e:J\li1 
\J 

1.::i L~'W'1t1J t1J1'1~?1i11111iiutJi)Vi"Wniinm1fl1~ L?l'Ue:i 1 'Wfl~.::idLL~1 i1l;Jn A111ii nu 1~ Ln'Ul;JnA1'lJ e:i.::i 11CJ1;1111ii 

1 'Vl CJvt~e:iil~~flfln~~~~.::i~'U1111ii n!Jvtm CJ 1 Vl CJ L?l'U ei11 A1~.::i n1111 A1~1~~'1J ei.::i~ ~'U;ei L?l'U e:izj.::i L U'U 

~A Ano11iim~iJ1; ~e:i'1t1J'll1 ~1 Vl CJvt~e:iil~~ Afln~ ~ ~~.::i~'Umii n!Jvtm CJ'lJe:i.::i~1.::itJ1~ L 'Vl f'l1~ Ln'W;e:i CJn~ rn 1 ~ 
~~~e:i~~ ~1.::i nu~flAno11iim~ne:i'1qJ'll1~1 VlCJvt~e:iii~~AAn~~~~.::i~u1111ii n!Jvtm CJ 1 'Vl CJ~.::i n~ 11 

lid LI .J .::it. 1 II .J l/.Clrt, ~ .J II I/ 1 l/ 

~ CJ'U'lJeJ L?l'Ue:J'Vl L uun\lrn111i1A1Vl\l~ 1~'1'\1151111m11Avt'U\I ~ L 'lJ111iiA1'\ll m1 CJ 
\J \J ' 

\l~;e:i.::i L U'W~AAno11ii~1~ne:i'1t1J'll1~1 'VlCJvt~e:iil~~ A An~~ ~~.::i~'U1111iin!Jvtm CJ 1 'Vl CJ 

~'ll'U~rn1tJ1~ m~11fl1B L~ n'111e:iiin~\l~ ;e:i.::ivi1'1 ru ru1~1.::i1111ii LL uu'1n1n11 ~\11~'\.J 1 u \I "' {LI <;!~ .. ~ , 

;e:i C9l .rn vt~e:ivi1;e:i111nn.::iLu'Uvtu.::i~e:inumii mCJ1u C9lct 1'U uutl'~\l1n1u~1;~uLL~.::i LL'1~\l~;e:i.::i11.::i 

vt~ntJ1~ n'W'1t1Jt1J1L u'U'11mm~m ~1nu;e:i CJ'1~ ct 'lJei.::i11A1A1~1.::i~tJ1~m~11m~ L~n'Vl1eiiin~1; 1 ~mii 

v~ne:i 1 ~1 'W'lJru~vi1'1t1Jt1!1 1~CJ 1;vt~nu1~n'Uei~1.::ivtd.::ie:i~1.::i1~~.::i~e:i1 ud 



rri .C9> L~'U?!Vl 

rrJ .\!J L ~ri'Vl1ew111vi~~omri11i-:i~1EJ 1 ~LLn mii zj-:iL um ~ri'Vl1eivl'nvl~'1-:i1u~vtl; 

L~A'Vl1eJV111'VJ~i!u'li11~~m;1'V1~1vrtU1Uvi1~fllfll1'Vl1vneiu1ui!u 1~Ln'U m i'u vi1fl1i 

rrJ .m 'Vli1-:i~ei~1tJ1~nu'Uei-:iou1m1mEJ 1 mJ1~L 'Vll"l mii\Jl1eiv1-:i~riru~m1iim1 

u 1EJu1EJri1'VluV1 vi'-:11~~ 1 u;ei C9>.tt (l!'.l) 'Vl1ei-'1~L uu'Vli1-:i~ei~1tJ1~nufo~nmeiun~mii15m1~miiuqi~m=rn 

ri1'Vl'UV'I 

rrJ .ct 'Vli1-:i~ei~1tJwnu'Uei-:iu~~'VlL~u'Vlu 'Vl1eiu~~'VlL~u'Vlu'Vl~nwh~~m;-rueiun111J1 , , , .,,~ 

1 ~tJi~ n eJ'\Jn '1 fl11L~'U'Vl'U L ~el fl11Ynru'1l~ LL'1~Ui~ neJ'IJ51n'1~ 1Ui~ tl'U ll11lJU1~ fl11"1'UeJ-:J5'U11'11iLL ~-:JUI~ L 'Vll"l • • 
d .J ' II tJ II &I ' 

1 'VlEJ (?11lJi1EJ'1leJ'IJ~~'Vl L~'U'Vl'U'Vl5'U11'111LL 'Vl-:!Ui~L 'Vll"11'VlmL'1-:JLlEJ'U1 'Vl'Vl11'\J bV'IEJeJ'U foii 1 'V11 '1lmii\Jl1eiEJ1-:J • • 

C::0: ' LI II V II 11 11 

tJ1~ m VI 11ri1~ L'1 n'Vl1e:iu n~ (~-ru'\11-:i) 'Y'l'U'\11 n'Ue:i~ n~U(?11lJ~ qi f1!1'11-:J LL'11 

'Vl~ntJ1~nud'1~Au 1~LV'IEJ1~iJV'leimdEJ (?11WJ(?111~1u'Uei-:i-:i1u;1-:izj,:i mii 1;foiieiu1; 

I I V I II I I d I II I 

mii '1~'11EJl'11'11-:i~-:i 1V111iim;;l;J'1A1 LVllJ(?1'1eJV1'1'UJl1;;ei1meiu ~ Lrn~m h'11EJ 
II II V ti 1 I.Id LI 1 II U V V 1 LI I.I II II 

~-:JU1-:JV11 EJ LL'111 'VILLnc.J EJ'U'UeJ L~'Ueifi1V'l-r'IJ fl11AV'I L~eJ n 1 m Uuc.i-rm1\I LijeJ c.J fo'11\l 1V'ltJ nu~-:J1'Utl n(?)eJ\I LL'1 ~ 
" \J \J dJ \J 

1'11'\J ;1'U(il1lJ~fllfll1;1-:J'Vl1eJ;eJ(?) nM LL'1~ mii 1;(?111'1folJeJ'IJ-:J1'U;1-:J L1 EJ'IJ;'i) EJ LL;1 

... ' ... 
~. eJ (?) 'a11'11tl 'a 'l.J 

1 ll II a f' II II 

ri1tJ-r'IJ(?11lJ LL 'IJ'U~fllfll1'11-:J LL 'U'IJ'Vl1 EJ LeJ n~11tJ1~ n1V'li11'11B L'1 n'VlieJD n~u 'Vl1eJ'UeJ (?) n '1 \I 

;1-:JLU'U'Vli!-:i~e:i'1~ri1'V!uV1 vi'-:id 
..J I.I II .J II II 1 II ti 1 1 1 II 

~ . (9) n'HU'Vlc.Jfo'11-:ii.11-:i1u'Ylfo'11\l 1U'11\l'!l1-:J1 'Vlc.iBuvi1~n'VlvV'IWU\l LV'IEJ 1ii 1V'l-ru 
~ ~ 

m.~qi1 1J1 '11 n mii '1~ri1'VIUV'IA1tJfo~1'V!-ru m1~1~uvi'\I n~ 11 L uu~1mu;ei EJ'1~ (9)0 'Utl-:11\1 L~U'Uei-:i-:i1u;1-:i~1\I 
" 

i!u 

~.l!'.l mru~~-ru;1-:itJ~u~~V'l~fllf1!1;1-:iuei m 'Vlile:i'11n;ei ~. (9) '1~ri1'V!uV1A1u-rrn uu 

11EJ1u 1 UeJ(?)i1;eJEJ'1~ o .l!Jct 'Utl-:J111'11A1;1-:J 

Gl O . n1'l~1fH~'U6'1'.l.:J'Vl'U1 

~~u;mm..1ei~~'Vl6L~uei'UeifoL~u~1-:iV1~11 ueY(?1111~Lnu;eiEJ'1~ C9lct 'Ue:i\111ri1A1;1\I 

~-:i'VliiV'I LL~~\ld'1~;ei-:i~-:iiieiuV1~ntJ1~nuL~u~1-:iV1~1 L uu~uoum-rlj'IJ1'11 'VlEJ V11ei'Vli!'l~ei~1tJ1~ nu'Vl1ei ,. 

" " m1-rrn~u'11\IV1U1i!u 
II ' I II I 

(0)(0) . t1ern.:i1ufl'V161um'atiut1maumL6't::~u si 



L~'UA1;1\!~1Vl-riYl1'U;1\!fl#\!d 1;l.J1'.il1tlL~'U\!Uth~l.J1CUU'i~~1U V'l .1'1 . klctb~ 

tl1'i'1\!'W1l.J L 'W~fllfll1'.il~m~vi11;~m~B ml.J 1;-ruB1i~L~'WA1;1-:i'oil111 L~'W 
\!UU'i~l.J1CUU'i~~1U V'l.1'1. klctb~ LL~1L~1,f'W 

mm.kl L~Bml.J 1;l°l'V1L~B11~d'U;m'1'WB'i1tJ LV1 1 ~L U'U~fo;1-:i LL'1~ 1;\1111'1\!;1\!\111l.Jtl1'i 
'U 'U 

c;:t ~ ti t;' II ti ti I o 1 ti 1 ti 1 

i.J'i~ 111 m1fl1BL'111vi'iBii11'1 LL'11 me.i-ru'oil1\!'.il~\11B\!~\!Vl1Btl1~-:i'!JB\!l.J1LY1B\!1'W'.il1\!t'l-:i11'111L'!J1l.J1'.il111\111\! 
'U 

u'i~L Vll'l LL'1~'!JeMif 'W;B-:itl1L ;1l.J1 LV1tJV11'1L1B L 'WL;'Uvi1-:i~~L1B 1 vim~'WB~ LL'1~'11l.J1'it11~u~111'i-ru'!J'W1;\111l.J 
'U 

1 1 lid IJ 1 ll 11 ll o 

Vi-r.lil.J'W\11~11111'i11wvi'i1\!fll.J'U1fll.Ju'i~1111'1 ti1V1'UV1 ~ tJ'U'!J B L'1'WB'ii-:i L u'U~fo'oil1\!'oil~ \?) B\!u5illi ml.J 11~V1l.J1 tJ11 
., 

Q .r::::ii. ..::ii Cl.I q 

V11 t!tl1'i'1\! L'1'il.J tl1'iV'l1CU'1lEJ'U11 Vl\!'U 

(m) LL;\!ll1'ii\!Vl1Btl1~\!'!JB\!\>l\!11~11L ;1l.J1'.il111~1\!U'i~L Yll'l ~Btl'il.JL;1~1 
mtJL'W ~ i''W uu~\!LL~i''W~~fo;1\!i\!V11B~B'!JB\!'.il111~1\!U'i~LY11'1 L;'WLL~LU'W'!JB\!~-r~l.J'W\11~11111'im~Yl'i1\! 

'U ~ 

L1B 1vm 'oil111~1\!U'i~L Yll'll.J1fl\!U'i~L vil'11 YltJ L;'WLL~'.il~ 1;-ruB1ifll1\1l'oil111ml.J L;1~11 ~U'i'iVll1~\!'!Je:J\!,r'W LV1tJ 

L1e:i5'U~lJL ~L1e:i 1 YltJ zj\!'.il~;e:i\! 1;foe:i'Wru1\11L ~'Wif 'WnB'WU'i'iYll1'!Je:J\!'1\! L1e:i5'U Vl1m U'W'!Je:J\!~-r~l.J'W\11~11111'i , ~ , ~ 

m~Yl'i1\!fll.J'W1fll.JU'i~tl11'1tJm ;'UL ~U'i'iYll1 LVltJ L1B5'W 
' 

(rn) L'Wmruffi~u5u~\111l.J (m) Vl1B (kl) ~-ru;1-:i'oil~;e:i\!-ru~V1\111l.J11~V1mtJ11 
m tJ tl1'i'1\! L'1~l.J tl1'iV'l1 cU'lltJ'U1l 

mm.rn ~d'W;m'1'We:Jzj\!ml.J1;1°l'V1L~e:JmL~11~1i.Jvi1~t1Jf1!1 Vl1e:i;B\1111'1\!;1\!LU'WVIU\!~e:J 
mtJ L 'WL 1m~ti1V1'UV1t'l-:i'i~u 1 ~1 'W;e:i ~ ml.J'.il~~uV1~11i.J'i~n'W111'id'W;m'1'We:J V11m~tJ11;e:i\!'oil111~e:iB11V1u\!~B 

' 'U 

~ 1U'i~ rl'U tl1'id'U; f:JL'1'We:J~'UVi LL'1~e:J1'.il'W'oil1'iCU1 L~tJl1;e:J\! L ~'llVl L ;fl11l.J L~t!Vll tJ5'U (;1~) 'i1l.J~\!'oil~'W'oil1 'iCU1 

1 ~L U'U~~\!\!1'U\111l.J'i~ Lu tJUtl'i~Yl'i1\! tl1'ifl~\!11;1tJ111'i"5'Vl~e:J"5'V1;1\! LL'1~111'iU~Vl1'i~'1Vlfl1fl-r~ 
'U ' ~ 

mm.Ci'. tl'il.J'1\!1'U~Yl~~'oil~LL;1 '!J L ~l.JL~l.JL~B'W L '!J Vl1B;e:Jtl1Vl'UV1 L 'ULL UU~fllfll1Vl%;e:i 
\1111'1\!;1\!L u'UV1u-:i~e:i 1 ~L u'W 1 u\111l.Jm1l.J L ~'U'!JB\!~1ir11\!1'UertJ111'i'1\!'1Vl (;1n) 

'U ' 

mm.ct L 'U mru~ LB 11'11'iLL 'UU~1me:i11'11'iU'i~ tl1Vl'i1fl1B L~ l1Yl'iBii11~d nm1l.JoLJV1V11e:i 

LL~\!n'W ~d'W;m'1'We:i'oil~;e:i\!ufiu1i\111l.Jfi1iu'oilotJ'!Je:i\! ml.J fi1ii:i'oilotJt'l\!11~111 ~~m u'U~'1Vl LL'1~~d'W;m'1'WB 
" d..J , " 

1~n~vi6L~tJ11;e:i\!A11;~1tJ1V11 L ~m~l.J 
mm.o ml.J e:i1'oilu'i~1111'1tJm~11111'i~V1;1-:i1'Wmru~e:i1u\i\; LV1tJ~~d'W;m'1'WB 'oil~ 

'U 

L~tJl1;e:J\!A1L~tJV11tJLV11 'oil111tl'il.J1~1; 
(m) tl'il.J 1~1;fotl1'i~V1'1'i'iL~'W~'.il~ 1 ;L 'Wt11'i~V1;1\!Vl1e:i 1;-ru~V1'1'i'i LL~1~ 

L V1tJ\!V'le:J~'oil~vi1111'i~V1;1\!fl#\!\j'~B 1 U 

(kl) n tl1'ill'i~vi1~ L ;1~11~CU~~ ~'U;B L'1'UB~'ll'U~ tl1'i~V1;1\!Vl1B~L;fo tl1'i 
'U 

AV1L~e:Jl1 ne.i'1UWLtJ'llU11l.Jrl'U vi1Bn~1'UL;L~tJnu~d'U;f:JL'1'Ue:J'i1tJ5'U vi1BoLJV1'!J11\!tl1'iLL~\!oLJ'Ue:J~1\!LU'U 
'U 

D"'i'il.J Vl~e:J'1l.J t!e:Jl.J rl'W nu~ ~'W; m'1'We:J'i1tJ5'1.J Vl~m ;1Vl~1~L 'W tl1'i L'1'We:J'i1fl1 Vl~B~B-J1m~vi1 tl1'iYl'.il~\115'U 
'U ' 



(rn) m'jvi1m'j~~~1-:ifl~-:id~e:i 1tlm~ne:i1 ~Ln~m1lJ L~vmmLn mlJ ,,,,~e:i 
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?!::: ?fll'U'W~ TV11\I fl '.l1'Utl 1ir 'UbbG'l::: ~ \l?f ntJ '.l n~ ?f :::?f ll'U'W ~1'Vl1\I bbG'l::: b tl'W fl1'.lU r'U'u '.l \l.fr'W Micro texture bbG'l::: Macro 
' 

texture 'U€J\1~1'Vl1\I b~e.Jb ~llA1i1'll't.J'.i:::~'Vltm1llb~CJ\91'V11'U'Ue:l\1~1'V11\I (Coefficient of Friction) ~\! bU'UD'<il~CJ~v111 ~ 
~1'V11\l~'UbbG'l:::ih 1 tJcim'.lbn\91BU~ bVll'1 

'\J ' ' 

FlW6'1l.JU~~11'1J 
(9). bfl ~B \!~ fl'.l~ €J \I b tJ 'U '.J:::'U 'U ti \911\91 tlbfl ~B\l '<il::: ~ B \llJ '.J:::'U 'U \91 \91 fl~ 'UbbG'l::: bbCJ fl~ \l?f ntJ '.l fl BB fl '<iJ 1nJ1 

'\J 

b ~ffu B\I n'W m'.iYl\I m:::'<il1 CJ'Ue:l\l~'W 
' ' 

lv. bfl ~B \!~ m~ B\llJVIU 1fll1\1 l 'U fl1 '.lvl1\11'\.J1:Wu B CJ n-J 1 ~o 'llll . bbG'l::: ?f 1ll1'.l '1U r'U f111ll~ fl l 'U fl1 '.l 

v11\11'U?1:::m\91~'W~11~1'11ll?fm'V-lfl'.l1'U~~\91B~ bbG'l:::?11m'.l'1vl1\11'U 1m 'WeJl'1'.l11:WuBCJn11 ®,lvoo m .ll . t?iB -B'11m 
" 

rn . .f11 CJVI ~ \1\11'\.J'U ~ \91fl'.l1'UCJ1\l?f::: ?f ll'U'U ~ 1tl'l\I bbG'l::: b ~ll fl11llb~ CJ \91'Vl 1'U ~ B\lvl 1fl1'.ll\Pl1'1'.11 '<iJ ?f B 'U 

tJ'.l:::~'V15mY-l 1m\91CJ 

rn .(9) 1 'Wmru~'U~'U~ \91f1'.l1'Um\1?1:::?1l.J'U'U~1'V11\lbtl'U'Vl1\11'1'.l\liJ'.l:::CJ:::'Vl1\lmnn11 ~oo blll'1'.l 1~v11n1'.l 
1\91fi1fl11ll b~ CJ \91'Vl 1'U ~1 CJ ~tJ mru 1'1 '.11 '<ill \91 fl11ll b~ CJ \91'Vl1'\.J ~ 'U ~ 1 bb 'U '\.J (?) B b ~ eN (Continuous Friction Measuring 

Equipment) 1\91CJ.fl1CJVl~\lfl1'.iUi)tm\11'U'<il:::~ B\11~ fi1i1lltJ'.l:::~'Vltfl11ll b~ CJ\91'Vl1\l'U'U~1'V11\I 1:W-U B CJ n11 

mJmrum1'<ili'\91m1llb~CJ\91'V11'U 
~ 

fi1 i1lltJ '.l::: ~'Vlt b~ CJ \91'Vl 1'W 'U'W ~ 1'Vl1 \I fl11llb '.l1'Vl\9l?IB'U 
' ,, 

"" "" ' d 
(fill ./'llll.) VI~ \l'U~ \91fl'.l1'U CJ1\l?f :::?Ill 'V-l'Umbb'U'Ul'le.Jb'UB\I 

Mu meter bet o .blv 

Surface friction tester bet o ."11® 

Runway friction tester bet o ."11® 

rn.lv L 'Wmru~'W~'U~\91fl'.l1'\.J CJ1\l?f :::?fll'\.J'U~1'V11\I btl'U'V11\11~\IVl~B'V11\IG11\91oU'W 1 ~v11 fl1'.ll\91A1 

fl11llb~CJ\91'V11'W~1CJmJmru British Pendulum Machine l\91bU~CJ'U b ViCJ'UnB'UbbG'l:::V1~\lf11'.lU nu~\11'W~1 CJf11'.lcilli'\91ri1 
' 6.J ' 

1\91CJA1fl11ll~1'U'V11'Ufl1'.l~'W1'1G'l~1CJBUmcl British Pendulum Machine i1fi1b~ll~'U1:WUBCJn11 ®o BPN ~ru~1\l~el\I 
' '\J 

~\91Vl1bfl~B\llJB'Vl\91?fB'U~1'V11\l~lJfltu?fllU~btl'W1tJmll ASTM Ernorn Vl~B BS~®lv Vl~B EN ®0~"11-~ 
' 

~. ~ b?f'U B'.11fl1~B\I bb 'U'Ubbfll'11'11~B fl (Catalog) 'UB\I bfl~B\I~ m~1 m 'U fl1'.iUi)U~\11'UbbG'l:::~tJ mru 

1'1'.l1'<ill\91fl11llb~CJ\91'V11'U~'U~1bb'l.J'l.Jt?im~B\I (Continuous Friction Measuring Equipment) 

-tv-/~ru?fllu~ .. . 



-®-

CVC!t. d QJ ii Q,/ .ie:t. C:, 9 ii Clt..c::il ~ II Cf ~ QI 

Fl ru~:wv l'l mv.1:: LFl'Hl.:J\l m"fl 1.:i"IJ\l 111F1-a1v EJ1.:i~::~:wu1.m 1V11.:i Ltfl::t v. :WF111:w L~ EJ111'Vl1'1.J 1111EJ15 m-a L"IJ'i::'ll vu 111u1LL-a.:i111 u • 
~.:i'WtA'tt (Ultra - High Water Pressure) 
" 

@). b ll'Uf1116ll~\1ll'l'HU CJ 1.:i'1::'1:WtJ'U~1V11.:i bb'1 ~ b Yl:w!'111:w b~ CJ111Vl1'U ~1 CJ16m11 i1~'Urnl1bb1.:i~'U'1.:i 
" ~bf'l'l'J (Ultra - Hioh Water Pressure) bb1.:Jt'i''Utl1vi1i'1.:i'11111:W'LI'BCJn11 ®,gifct'.o bar Vl~B ~o,ooo PSI L\1lCJijeJ'1?1·nm1 

:::. " ' 
1 Vl'1"U€J.:Jtl11lJti€JCJffJ1 ®® ~~1\>l€J'U1Vi 

®. Li1B5~nl1"U~\1lfl11'\J CJ1'l~Vl'1111BBnm ii1~'\J'U111111~ bf'1'\.'Jfl11'\J CJ1'l bb'1~J1 boLJ11 'lJ bfl'U~ti'.:i bfl'U bf'l'l'J 
' " er~ 1 'Wmi Yr'U~ 1 vr1m1:w'1~m111'1~ bb ~.:i bb'1~'1~m111Vl'UVi 

m. '11:W 11'1"11 ~ \11 !'111'\J CJ1'l'1 ~'1:W'U'W~1Vl1'l bb'1 ~ b Yl:w fl11:W b~ CJ \11Vl 1'W 1~-Yr'W ~1 'Wbb 'W1n-1'1'l"U€J'l~11'1 
hhJBCJffJ1 rio "1J:W . 

cs:.. fl1'\JfJ:Wn11vl1\11'Wvl1CJ1~'\J'U PLC. (Programmable Logic Controller) Vl~mViCJ'Ubvl1 ~iJF111:w 
bb:W'Wv1'1\I '11m1(1'\.J·foi6m1v\'1\11'U 1 ~b V1m~?1:wnu-Yr'W~1~iJF111:wV1m - u1\I "UB\lfl';i1uCJ1\lffilibvi1n'W 1vi' 

" 
er. m1m~1?!\1?11111'Wm1bfl~B'W~"U'W1\1l"U~\1lfl';i1'UCJ1\l1liiJBCJffJ1 cs:..cr nb'1b:Wm/i11:w'I m1"U~\1l!'l';i1'U " , 

CJ1'11liv11'11 CJ-Yr'W~ 1 bb'1 ~ bfl~B\IVl:IJ1 CJ'1 ';i1'1';il'i1\161 1111 CJ ?!1:1J1';i'1vl1n11"U~111m 1u CJ 1 \1'11 n-Yr'We:iT~\I bb uu flB'W n~~ bb'1 ~ 
bbB?!l4'1~ (Concrete and Asphalt) 

b . fl11:W'1"U€J\ltl\lbfl'Utl1~\11liiJBCJffJ1 CS:.,ct'.oo ~~1 , 
gi1 _ fl11:W'1"U€J\ltl\lbfl'Utl1?!~€J11111liiJBCJff"J1 m,rioo ~m , 

J1'-·· ···· ···· ········· ······················· ···· ······· ·· 
('W1CJ'l.J~"1J1 ibf'l'l'J~'Vl~) 

tJo ' dd 

~€J1'W1CJn11bb"U1\l'Vl1\IVl'11\1~11'\.'J~151'W'Vl C9l 



rnmnmuuVl1me:imn':itl':i:::mAtl':i:::n 1~':i1 fl1Bb~n'Vl'HJilnfA' (e-biddin$) .Ue:i @. @@ 

d 2 ., d Ci) ~ 61.fl. ltl~~ 
b!il"l.l'VI e-b 6l~ ... !¥:Q ... ../lflct'b~ !il'l1'1.J'VI ........................................ . 

b~e:J'IJ L "!.I n1':ib6l'IJB bb~'l.Jn1':ivl1'l1'1.J 

mt:J 1'u rhvt'U~1::: t:J::: nm ®ct 1'U i1u'1~"il1n1'U'1'l'U1:W 1 'U~ruru1~1'u~1.:i"il:::~B.:i~~v\'1bb~'UmTvh:n'U 
"'"' " 

~ .:i 1Vl~l1~1'!1'111 Wfel'U bb'1::: bb~'U n11vl1'l1'U~'l mi 11~e:J'l L~1'U fn 1:W b ,:;'U61le:J'U"il 1n~l1~1'! rle:J'Ul5''l"i1:::'1'lije:iv\'1.:i1'U 1~ 
" " 

bb~'l.J n11vl1'l1'l.J"il::: ~ e:i.:i bb?l ~'!~1 ~u.ff 'l.J I') e:J'l.Jbb'1:::6lh.:ib1 '11~'1 :::vh '!1'1.J bb~'1 :::11 tJ n111'11:W ~tyty11 Vi'mu n1'1.J 

'1r~ b "il'l.Jbb'1::: b iJ'lJ 1 u1~ 1~ti.:i1'lJ~.:iV1:w~~e:i.:ibb~1b?l~"il'U~\J1rumti1 'l.Jn1V1'lJ~nm6lm.:i~qifY1 

1 'l.J mruijm1:w-:ij1 b ll'tJ~ e:i.:iufo bb~'l.J m1v\'1.:i1'1.J 1 'lJ1:::V111.:im1v\'1.:i1'lJ ~fo~1.:i~e:i.:i b?l 'l.J e:i bb~'l.Jm1v\'1.:i1'1.J 
" 

~tJ1u 1 Vl~bbn~11~1.:i b ~e:i 1 Vi'm1m ,:;'U61le:iune:i'l.J'Vl nri~.:i 
" ' 

...................... J~.~ ............ ....... . 
(mtiu161!1 ib121'l'.l~'VlB) 

ti 0 ({ .::ii .::ii 

~ €11'1.J'J tJ n11bb6lJ'J'l'Vl1'l'\11'1d'l~11'l'.I~ 151'1.J'Vl (9) 


