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ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41'1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

~.~ {I iifl~"RI "{ . ~ . {l~i~"RI "{ ~~ C41«1r;..tt><111!41~ . <fl ~l~"RI (robotics) "{ 

~ fu'q" ( @l<UI Qt'ICflt'I 1A" ( $<i!<'lc+:ii ~~ ~lllft1~ 
C41«1r;..tt>a1~ ~ fu'q" ~~TA (virtual reality) m 
~ t1~11'3~ I ~n;;mm 

~.~ 31 I flfq)~ ll t1 . ~ fu'q" . 311~fq:)~ljt1 ~~f{;tJI~ "{ ~ . 31 I ~fq:) ~ ll t1 $ ~f{;t JI ~ 
$ ~f(;j JI ~ ( ( * +:a/l44'l iiITT+rr Qt1 Cfl t1 1A" ( (artificial intelligence) 

~ (€1'1i~i.fi $<i!<~ 2'+1 I ~ ljij ij+i!"fft ( ~ tt>+x:y;~4 

tt>w{<!4 ~ fu'q" +iRfli~ll1:a:1<1 ~TA t1~11'3~ (cloud computiong) CliT 

-~( . &11~fq:)~ljt1 ~~f(;,Jl~tt>i ~tt>l<l~tt> ~i.fiF(i~tt> < '1tt>l<l~tt> 
iji+Url4 ~ < '1tt>l<l~i.fi tfm C41~~C41~ TA tf~~~I 

t1~11'3~ I 

l 111~til6(ii' "{ l9 ~ q;Ttsr . ~ . ~ ~ ~lfii~~ftt> ll?.41iHI . ~q;)"tsr(~ 9~ 
Ta '1'>1 6 (i'r.P) -~( fu'q" 31C41.'1ltt>'1 1RT'R ~m~ 
5f;:ftc C4'1~fu ~ . 31C4 l."l"'ltt>'1 . 'iif'1TCf( "{ ~ ~ m ~ ~ 

31 q lj C4 6 (ii' fu'q" 1A" < m rir.t tot~11'3'l . 'iif'1TCf( q;Ttsr ( ~ 

-~ . (€1'1i~i.fi . '41\lt~ f\l~q~~~ ~ ~ ~ 31C4lli:l6(i' 

3ti:lllC46(i'tt>i ~ fu'q" ~~ llr?lliHI 31i:ll.'11tt>'1 1Rf'R q~'€11'1 TA~ 
q;J"lt . ~ ¥11fiitlr.Pl ~ ~ . ~~ 

- 'iif'1TCf( ( ~ ~ ~lfii~~ri.fi llr?i@Hi ~~ llr?iil<I 
i:l'1~Ta 31C41.'1ltt>'1 1RT'R 3jqaji.fi'1 ~l<l'JG:i 

r.i'l ISlftl '€j . ~ &1C41.'1ltt>11q~"'mt. r.i'l1S16(i'r.i'l ~ 31C4llC46(i' 

~ m ~ t1~11""' q~'€1111 TA~"{ 

. 'iif'1TCf( "{ ti! '1 ~fu r.i'l ISi 4'l ITT, T.fTi ~~ ijfiillit11 

"it1"¥IT ~ 31C4~tt>'1 llft ~ atC41.'1'1¥'1 m 
atC4llC46(ii' q~:ql'1 TA t1~11\i<l . ~~ 

31tillltil6(i' "{ ~ 
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. ~ ~ ~ ~ 'i3l'Ti ~ di q lj q g (i:\cr)) Cf) 14g (!:\ 

~ dlq~Cfi'1 ~ ~ gfa~kl'1 1l'f ~ 
di q ll q ti '(6 (ft I'! c!l 41 i '1'+1, . ~~ &1'1iltcr?I 
+11'!c!lcr?lf.-~lll, 4¥i4ft, ~311'1", cr?I ~ g (i:\cr)) if1IiIT 
~ ~. 4'11~:S ~) ~ atciajCfi'1 m 
qfi;~1'1 1l'f ~411\3'1 . ~ 'Cfl1ir "{ ~ . \3CR1 di q 4 q 5 '(6 cr?I Cf) 145 (!:\ '&\1 'h ~ ~~ 
mt ~ CflJR 1l'f ~ 411\3 Tl ~ ""'1d 1 g(i:\cr)) ~ 

. fl CfT mm, -,:u, CfT ~ ~ CflJR 1l'f ~ I 
~~m~~"{ 
~ ~ if1IiIT CflJR 1l'f ~ 
~ 1l'f ~411\3'1 

. ~~"{~~~ 
'&\1 'h ~ ~ fa ;:fi 5 <(6f'51 ~ cr?I 
f\i "1 (11 g(i:\cr)) ~ CflJR 1l'f 
~411\3Tl I 

~.~ lIT'fCj" ~ . ~ . ~ ~lt°l(+11 ~I ~ "{ dl(~l6(1:\cr?I . ~ ~lt°l<+11 ~' 
~,~"{ fu"Cf di ~H ft kl l'tf lfi ~I \3 Tl 'i3fTi "{ ~ ~~~ 
a:t(~lcr?I ~mt '&\'t'h~ a:t'flH1 kl "tJ ~ 

a:t'f!Hlkl~ ~I ~ 

~.~ r:. qi1 111ICl6(1:\ I . ~ . ~Cf~~ ftl+1'.fl6(1:\cr?I ~ . q4ffCfi(UI ~mt 
qlOCfi(OI fu"Cf mt 111'lqg(i:\cr)) qlfiCfl(Ulcr)) ~ ~ 'i31'Ti~~ 
-~~ . ~ ~ ~ qfT;i- \iflTCl 'll0llc.1r:.lcr?I ~ . ~~ ~ \3~jg(UI 
~ "{ qfT;i- ft4'1 lr.U'1 AA ~~ 
\iflTC(_ SI o 11 ~r:.I cr?I fu"Cf . "' r:. qi1 qf'i:{" \iflTC(_ SI o 11 ~ I I 111 41 ~ t: (i:\Cfi I . 'h~l~cr?I ~ ~ 
~ ;a~ltl(Oj "{ ~ ~ ~~~~(11g(i:\ ~ 
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~1f+1\lflqct>I ~ ~ g~•Hi(li'\ gfa~~'1 1f<f ~ 1111 q6(b: . 
-~&+1" ~ mUt ~~ ~ 311f.11(+11 . q\"'1jl~Clll(! ~ ~ ( 
~ ~ ~ t'iill\3~ m Gl"ffi"\3'if ~ 

~·"·~ ~J . +1k~~l11r¥1 t;f'll)1r 'q'T m ~ Cfqf ~ '11-:.lq"'ICf>I 

ill I Ef'<ll 1 ( ~ rrtT ~&+1" \lfl iii 6(\i:\r.i?I ~ \3~16(01 ~~ 

~ ~ . illlEf'<ll1r.i?I ~ 
~ . ~&+1" ~ qf'<"'lllr.i?I ~ ~&+1" ~ 
3Hll(6~ 111r:.lq6(\i:\r.i?I '3~16(016(\i:\ Gl"ffi"\3'if t'iill\i~ . illlEf'<llliillc ~ 
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~,~ m ~ tvti11:a~ . 'ii1$<~Cfil~~ 
cyeastl Cfil" . illlEf'<lllct>I ~ ~ rrtf "q"T ~ ~ 
~,~ ~ ~ illlEf'<ll1r.i?I ~ ~ . \11$(ijefil ~~ 
'11+11\3~, . 'iil~l(ijr.i?I ~ ~ rrtT ~ gfu~~.., 1f<f ~ 
"{f'ri! iii I ~ fl if ~ 'ii I $( ij r.i?I qf'<'ii I ISi I Gl"ffi"\3'if . \11$(iji!41i! ~ ~ ( 
~~ tviill\3~ ( fti<fl6(\i:\Cf>I ~~ ~qitvt m Gl"ffi"\3'if ~ 
~ Tf"Ut~~ r:. ~ 111lii1"1Cfil \3~16(01 

- *t>I < I ('JI ct> ~&+1" ~ 00 ~ 111r:.IC4"'1+1I -qf{Cf>r ~ . 
~: ijCf>l(l('J!Cf> ( "1Cf>l(l('J!Cf> 3jij(6(\i:\ . ~lf+i '11-:.I q~ 00 ~ 
~ 4ijif10I, ij~;+J+fT ~q\{'1 ~ r:. ~ 111lii1"1+1I ~ct>l<k+1ct> 

'6l'ra ~' . ~ 111lct"1+i1 q)"'1tl~ii11a ~ ( "1Cf>l<k+ict> ~ 
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~ ~lctt~41 ~~ ~ ij64i~fl 'if"'l" ~ 
rj~i.fil6¥ ~lctt~41i'.PI \:.1~16<01 ~ . «Sll~t<I 'i10:Sj(OjijA4r+.fr 

- ~m . 'Sl1~rnai1eo ~ ~ "(" ITT 'll4i~l6¥ atql."l'lc.ti"'I 

- f"I <(04 j \:.! ~ ~q)t't~~qR ~I 

- 'ff err . ~ ~ Tit" 'iii~(ijlijj(! ~ 

~'1141 ~ "(" 61~6¥+il qlJ ~ qR 

~err . ~~~~mr+fr~ 
~ ~ rj~i'.Plc.til ~ Qt'jq\~ ~ 

~ . "f.IT\:.l"'lf0Ff~~"T1~"("~? 
~q)t't~ 

. «Sll~t<I ~!HUT -R ~ ~ 
\:.1~16(01 ~ ~q\(1 ~, ~ 
-R.~~ 

. ~ (can)~ Tit" ~ ~!HUT 
~~~~Qt'tq)('t 
-RI 

'( ~ "· ~ ~ft4a<"11 . ~ . ~ ft4~a<"11ijkl4 T.fTi err~ . ~ ft4~1:1<11*1 t; 

~~am"(" "(" qjrjjq(Oj futr "(" ~Tit"~~~ ~~~ 
qlrjlcl(OI "·<t ~~~am ~ . ""~Q;q;) ~ qlf~~fur.p 'll011'-"l"'l+il . ~~~am~ 

-~"("~ fu"Cf ~ ~ ~~~1<11*1 ~fuq,j ~ i.fil(016¥ ~ 

-~ql~+il ~ 13tq1.1~i'.P"'I 1Rl\R ~q\t'j -R ~ 

~fcl?.1<11*1 . ~~Tft"~~~am . ~~~1:1<11 
~~ ~ ~ i'.Pl(016¥ "(" \3~16(016¥ 'iij'ft ~~\3ql46¥ 

-~~~am ~qitvt ~ "(" ~ ~ft4a<"11 ~ ~~ 
~ 'i.fiRUT "(" ~ ~ ~~ ~+lc.tii4l ~ . ~ gfu~~"" 
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ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"lq 

~. ~/~ ~ ~ ~ 

~ . ~ \3~1~'(01 ~ ~ ~ 41flilG"lli ~~wt 

\.9.~ ~~ ~AA ~I 

~(iqf . rr.i~ul!fft11' :;aifl~¥~ ~ 
~ 41f°a<e+aiotft ~ ~ ~ 
~ " 41 UiGlll i:'1•11'3"1 
~ . ~ '3«1~(01 ~ 31<e+11'1 ~ 

~ ~ +l1l"fCf ~ ~ 

~ 'l'1fu = ( Mr.ril 'l'1fu + ~ 'l'1fu ) 
2 

~ VlitlT lTfr ~ lTfu 'q'ffi" {"14 I I \3 '1 

~f.f)l\3~ 

afmcr 'l'1fu = 
~qr{~~ 

~~ 

qf.:f ~ ~ ~ I 7.fT ~ 
VlitlT lTfr ~ lTfu ~ 1fif 
i:'1411'3"1 

. ~ 41fu:e+aiotft ~ 41fbi8ill 
~ ~ 1fif ~c.fli\3"1 (iqf ~ 
~ wt t't•ll\3"1 I 

\.9.~m . ~ . ~ +l~<~*' C4«J>i:'1411ll<1 ~ . wm4~"11tt1 ~ 
- 4~"11ttl '6+1 lmtf ;a~1~<01 ~ wm ~AA 1 . 14C1H1:e+aiotft ~ 

- <e I +Urtt fu"4" wm qfhuttl ~ a= ("~~ ~ 41flilG"lli ~~wt 
41fbldlll ~ ~ I 7.fT ~ VlitlT lTfr ~I 

~ wm ~wt (1411'3~ I 
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- ~< ~Im" \3Gle:<u1 ~ ~ \3't1'1t1q)e:'l"' ~ 

'C]Cf>R '('~ . \3't1l(1q;q;1 ~ 13qifH1q;1 \3Gle:<u1 ~ 

-~~ 'a+ilart ~~~~~ . \3~ll'1**' ~ ~ 
- mm Im" f*.1'11'3~ ~~ 

~I 1Tfu . ~'l4l41*1 ~~ . \3~l(1qif.fi) ~ 
~< ~lllq)('ljq'lill2' ld:ffi('lq;f.fi) ~ CA+11f01a 1fif ~ 
q;rzf~ +i a I *1 \11+11fb1a 1A' <: 1fif (1411'3~ . mm~,1Tftr 
~< . mm 'hl~Gl*1 ~ ~ ~ < q;rzi ~+1a1*1 
~ " ii u1 (1 j £1 ld:ffi ('!**' mm ~ ~ ...t qfhllllll mw 
~ "1q)l'd ~ . ~ 41fbl8lll ~ 

. 1Tfu &11q1a*1 qfhllllll ~ >a~l('I**' 5(1' T[;:f ~ I 
1Tfu &t"fITT1 ~ T[;:f ~ *' \3 Tl 

. ~~~~~~~~ 
~~~~~CRilillf 
41(1~*1 ~~~~~ 

. ~ 1TfB q;rzf < ~ ~ 
~ ~ ~ q;rzi ~+1a1*1 
qfhllllll AA < ~ 11 =Work 
output/ Work input '*1' ~ ~ 
T[;:f l"j 411 \3 Tl 

. Tl = Work output/ Work input x 
100% 'if1G T] = MA/VRx 100% 

CA+11f01a ~ ~ ~ lffr ~ 
T[;:f l"l 411 \3 Tl I 
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ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"lq 

~. ~/~ ~ ~ ~ 

~fqfu ~~ l]';:f ~ 
- ~ . ~ < 'flITTl'lIT ~ ~ '(1 ~I €1"1 . ~ \H11(Ulr$1 ~ 

- ~cm;frtqi ~ TI"1" ~ < 31ulg<(C'r$1 ~ ~ ~ \Jflq"1+11 

~< 3lra'R1lT, ~ lTif t1 •I I \3 ~ ~mm 

+ITTnr . 3lmf ~ ~ ~ -rro; ? . ~ \H11(Ulr$1 ~ 

- ~ ~ l]';:f t1. ii \3 ~ ~~~-mr 
\!.~.~ ~ . ~ '(1~1W1r¥i ~ ~ '11lt!4"1+il ~" '111t!4"1c:f)I 

g'(11(01c:f)I :aqit'1•1~1~ @lt1lflt1 ~ ~ '(1 +atf.:wr ~ ozmgqr 

fi.1(4(01 fqfu qq11:a~ ~ ~ ffiln", ~, m l]';:f ~ 

- ~ qr 311t11ffetll+itWl ~ ~ ~ . ~ g'(11(Ulr$1 f'ttfct>(UI 

- ~ fu.,1e;<(C'c:f)I (~1~{1 ~ qiTO qr fqfu ~ l]';:f ~ 

l!.tY <'R1f 1q4'11~fls: ~l~*t"WI ~ ~? . ~ \H11(Ulr$1 f'ttfct>(UI 

- ~< ~ t1•11:J~1 ~ ~ ~ ? ~~~lt!4Gll~ 

~ ~ ~ ~ 1Pff 1TI"+i1lT ~ < TI"1" ~ 

+:t+at $i lj "iiJTit 1TI"+i1lT ~ ~ ? ~ ~ . ~ '11.,1 q "1 +i I 'ffi"l1cliT 

~ 
~ ~ ~ +ftGr ~~<w(? '\f'(1'f(UT fq'fu E\ <(C'r$1 

~ 
~ ~ ~ ~ {1•11\3~ "> ~ - :aq41•i'('l+:GI glf"1E\<(C\ 

+:t+at $i lj . gq~HhiHI ~ ~ 6'fCfTlIT ~ ~'~~l!tWl"IOI 

m<~ ~~~ l]';:f ~I 

\Ml(Olr$1 . J5IOl1 ~ '(1E\lll~lt"WI ~ < ~ 
f'ttfct>(Uj ~ 'ffi"l1cliT c:f)l(Ol;i ~qjgf.:tq> ~ 

fqfu ~~~~ozmgqr~ 

- ~ . 'f.R+JT ilf.:i!~'(1"1 ~ ~~s:r¥1 ~ 

\Ml<01r$1 "{ c€ic:f)l+ilftt ~I ~ ~ 

f'ttfct><o1 ~'dlr¥1 ~ ~ ~? 

~ ~ TI"1" ~ ~ g ~11(01 r¥I 



ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"lq 

~. ~/~ ~ ~ ~ 

~ ~ ~ ~ '3flct'1+11 ~ 
~~ ~ 
"{~ . SI ~l ~ l'JHI 'ffi"q' SI ~ I< Oji'.j?) ~fit>< 01 ~ 

~~ 
. ~~I'll~~~~ 
~~~Trtl~~ 
fit>'11<ib< ~1PR1*1 ~ ~ 
~ . ~ ~~ill<:liJI <:1<(~1*1 ~' 
~ "{ <:1<(~1*1 llfacf;T ~ ~ 
qfi:'iil"1 ~ 

. c:i<~ll'tl~ ~ ~ ~ mf.MCfll 
~ ft:i'11~ 'li1" ~ SICfll<*1 ~ 
~ 'lllffl "{ ~ '€j)UI $1 ll 

<:1<~1*1~~ . ~.awn-,~~~~ 
~ '€_{Ui$1ll ~ (~fit><ol) 
~ ~ "{ ~ <:l<(~iJI 'ffi"q' "{ 

SICfll~ii.f,l ~ ~ ~ Gf<:1'Tl ~I 
'ffi"q' S1~1<01*1 'll1" ~ftli11~ ~ 
~ ~ ft;j"11\3~ 

. ~ '€_{+4$1ll ~ ~ ~ 
~ ~ ~ lll{Cfll~ ~ 'ffi"q' 

ITT1ft ~ ~ ~ 1R=C ~ 
. ~ ~ '€_{Ui$1ll <:1<(~1*1 ~ 
~ ~ ~ i1~11\3"1 i't~ii\3i9 



ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

. ~mi:r~~~~ 
~~~~~ 
mi:r \HI I< Oj c.til n:i fct;(UI fcJfum ~ 
~ ~ W'l'fi~ ~ ('!"~ 
irof<f~ 

. ~~~~~~ 
~ ~ ~ ? ~ 'l~'16~c.til 
~ ~ ~ ~ 11 '3 ~ I 'lIB'IT a:fi'lf 

'3~115(01 ~ (1~11'3~ I 

13.<t.~ m . ~ . 1!14~Cj)I ~ m1f ~ ~ . 11<14~*1 ~~ 
- ~~ futf ~~~~~ Cj) 14 ~ +41 ?!fr 'A ~ '1 15 (ii\ 

q;flf a1q~1~ ~ ~ c:i1~<c.til a1q~1~ ~ mw1 
~~1(1'1, ~ ~ P:iff.t><u1 ~ 
~ ~ ~ ~ ~nic:i1"{+11 
W'l'fi(1 ~I 

13. <\ • ~ rn-a- 1Ii5' . ~ . ~ ~ ~I +1 U) *1 ~ 1T"fr rn-a- • rn-a- 1Ii5' ~ rn-a- 1Ii5' 
- q;flf futf ~ q;flf 'A~lllcttl~ W'l'fi('I ~ ~31¥{~ 

~ . rn-a- 1Ii5' ~ ~ ~ ~ 

- t:f<a~1t: . rn-a- 1Ii5' ('!"~ rn-a- 1Ii5' 11'Sl I Cl c.til • ~~ ctt'1ictc.til rn-a-
~ '13q(4"'l~lcttl~ Q(il'fi(il ~. ~ ~ ~ OjqajC/)'1 

~ ti11fe:C/)Cj)I t:f<a~1t: ~) q;f -ITT 
q;lif ~ ~ ~' W'l'fi('I . Clidlq(Ol+ii rn-a- 1I15' 
~ ~~~I 

. rn-a-~ "'1l!'1l ~ (1~11 '3 ~ 

. ql('1jq(Ul+il rn-a-1I15' ~ (~ 
~) q;f 3{~ arait ~ atm, 
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ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

~~lpq'=I . q<l'4d'1ijA!<tfr f.1ll+i6'(6 ~ 
- •flt'tl4'1< ~ fa'1"'16'(61.'tl~ ~ 1fft 
~ •f'lt114'1< ~ (~ ~~ ~) 

'fl ;aqt11 lal GfTG ~ q<1t:1<f.,q;) ~ oo m 
~ ~4'1\3~ ~ ~ ~ 
dll~faq;) ~ ~ dl~ll•Hf•I 
~ 1f<f t't•ll'd~ 

. ~ 111lC1'1+il ~ •l~C{q;) 
•i'll.'!14'1< ~ \3~16<01 ~ 
•f'lt'tl4'1< ~ :aq~1fl1a1 W'ttfll.'t 
~ 

19.~ ~ . ~ . v=fA.~lfft~~ . ~~•lijAl41~ 
-~ ij+Uwt ~ Slijl<Olij+aj'"'ffr ~ •lfOlalli •1f01alll ~ ~ 1f<f 

~·lij~rif fu11 ~ 6t't" 1f<f fi14'1 'd ~ ~~ ~ 
~ .... •1 u1cull . ~fu11 t't•ll'd~ I . +fT'"fCI" ~ ~ 
~ . ~ . +fT'"fCI" ~ 20 Hz ~ 20,000 Hz !ff+iCIT ~ ~ I 

- J5lOlj'" ~I fu11 ~ tAf.1+i1::i ~ m ~ . ~ ~, J5lOlj'" ~ 
'!""ihlijl'd .. ;s '!<t:<~c err +:t'P~l~t'tq;) ij61lle11~ ~ ~ ijl;a .. ;sq;) 

~ ~ rR I ~ tA f.:t t't It J5lOll'" ~ ~mw 
dl~lijl'dr\S ~ Pe4'11'd~ ~ J5lOlj'" ~ ~ . ~ faii1a1q;) 

-~ ~ 1f<f 1.>1•11\3~ .,1qij+ai<tfr ~ mw 
~i!lrjlq;) . 20 Hz ~ ci;i:r ~ ~ . ~ SI iltj I 014'1 '4"f<"OT, 
rrrq- tAf.:lt'tlt '!""ihlijl'dr\S ~ 20,000 Hz ORR ~ rl(tfl4'<0l4'1 

- ~ ~ ~ ~ \i({q;)t't1t \341£16<(6 mw I 
SI~"! 01 q;) dl~lijl'dr\S ~ ~ \i11'14'1{l .... 

~ '4"f<"OT I ORR 
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ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"lq 

~. ~/~ ~ ~ ~ 

~.~ ~·'i'1'll<11 . 1FitlT futJ . <:;~ct?l'1 f};ir£l1W.fil 311tll<+U ~ . q(+Uu:[~ ~I~~ 
-~ (~ <:;~ ct?l '1 q&~1'3'1 (1411'3'"1 $~ct?l'1 q&~1'3'1 

$~ct?l'1 ( futJ . \3~1l'l(Ole!'(ia\ ~ l1t ~ ~ 
<a' 'i'1'll <1 I ~ <:;~ ct?l 11t~ I 3lroR ( <a'lfl\11'1 ~"'1<11*1 . ~·'i\ill <1 I~ ~ 
~ amrn+rr ~'i\ill (1 I ~ afital(Ojj ~ ~ 

- q1<+i101fi;iqi ~ . <1 tel iHE;q, l <a° 'i'1'll <11 

~~o . q1<+uo1fi4qi ~ ~o ~ f'rtqi1~ ~I 
~ dtcll'l<"'~ ~'i\illdl frtqi1~ ~ 
dtcll'l<"'~ ~I 
~i '1'1'll <11 

~.~ <1tcll'l<"'~ . 1FitlT . q~lfl~qi <11~*1~ ~~'ilfli . qfht)~qi <11flvtqi1, ~ 
qfhi)f'Gqi futf, ~~~(~),~afR ( fqf(~;s~ qfhil'll 
iii 4ffefi(OI ~ ~1'3'"1 "(" q1<+i101fi4q:; ~ ~o ~ 

- qfhi1f'Gq:; futf, ~ ~ dtcll'l<"'i'll~ ~ . tt~~o~ 
<11~*1~ fi4~~tl01 ~(€1'11*1 amm+u qf(4j~* <1tcll'l<"'*l ~ 
~ futJ <11R>lq:;1q,j ~ ( ~ ~ Clf<lt1f-<sq:; a 1f\1 *I 

-~ ~Cfil'd'l ~~ 

qf'<ltl~Cfi . ~ qf'<ltl~Cfi <:11~*1 ~ ~ . qf(lfl~q:; ~ croR 
~ ~ ~ ~ ~ q~ltl~Cfi lfrf~ 

- <1tcll'l<"'Cfil a1flvtq:;1+i1 <:1tcll'l<"'~ 31Cl~fu ~ . <:1 tcll'l<"'Cfil qf(4')~q:; 

qf'<ltl~Cfi ~ f.=taf<o1 ~ ~, ~ TR ~ fi4~~tl01 lfrf 
(m-r~, . q~ltl~Cfi <:11~Cfil+il ~ ~ ~ ~I 

~ 'i\ill <:11, dtcll'l<"'~ <a°'1'1'll<11 ~ ~ "<:1< m-r 
ql(+ilOlf'qefi ~ ~ ~ Cfil(01(11~ $~ct?l'1 
~(m<J: ~i'lll~~ ~51~<11~ ~ ~ 
-quT) . q~tj'j~q:; <11il1Cfil~ ~ ftl~~'S+il 



ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

eH:'C46(ii\cr>l mr ~ ~ ~ 'ITT" 
~qlilldl ~ ~ ~ ~ 
~~if?l'1 fcli=lllijcr)) ij6il1dl~ ~ 
~ 

. de°C46(ii\cr>l qj('ll01f4ifi ~(~'11Cl'il 

~ "d"'IT fi=l~6(ii\ ~ ~ ~ 
°{ ~~ qj('ijOj~qi ~ "{ f.ITT! 
TTlfT ~ ~ OlITT9lIT -A" I 

~." 3fllJ ~ . ~ . rf;tT ~ 31uffi(ii\cr)) ~ \3Gl6(01 . atuli_~cr>l qfhllttl ~ 
-~ fu"q- "{ ~ atuli_*~'I ~ ~ ~ 

-~~ lJ1.ft1T fu"q- . fii ij <ii ij fEifil GI 12' ~ m 'd'ftcf;r . ~ "4"1!l11fl6(ii\cr>l 
'd'ftcf;r :a i@< 01 ~~a '6lITT9Zrr -A- 'fllT~ ~m 
-~ . rf;tt ~ 1:4"1fllifi6'l"' "{ ~ ~I 

"<Rrllf 6 ("\Cf)) ~l+U m <1e°C46(ii\ifii 3fllJ ~ 
~ mtt ~ "{ 3fllJ ~ m ij+aj?tfr 

q1:f~~I 

~.~ qj('ijOjfclifi . ~ . dt'46(ii\cr>l q1<'1IOl~ifi ~ (atomic . de°C46(ii\q,j qj(+'llOl~ifi 

~ "{ ati 0 1~Cl'i ij+HtM weight)"{ 3101g(ii\cr)) at101~tfl ~ ~ "{ 3101g(ii\cr)) 

~ fu"q- (molecular weight) ~ 1frf dllOl~ifi ~ ~ 11"f 
-~"{ ~f.Pl\3~ I ~I 

~ 
~ " W111Gll1~ 

~.~ (lijlllfillfl . ~ . rf;tt ~ <l<elllr.=tf.P Sliftfiilllifil . ~ (l~lllfillfl 
ij+flifi(OI fu"q- "{ \3Glf:'(Uj ~ "{ R1"1"16'l"\(11~ ~ Sirill11(11~ ~ 
-~ lJ1.ft1T fu"q- <e'1'>1ifi(Ol@Hi ~ 11"f ~f.Pi\3~ ij+flf.P(Oj "{ ~ 

ij+flf.P(Oj+jj m 



ii. rc-~Q-~l OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

-~ ~p:f) q)(Oj . ~ ~ <l<eillf.:tt'5 gfufiilll ~ ~I 

'<" :e~a ~ fa1le;(ii'C'5I <lfllllft:tt'5 :e4'lc.,<01 ~ 
<e +t')I q)(Oj ~c.,1;a~ '<" <e'\\\'1"1 1"f ~c.,1;a~ I 

90 ~ 90.9 ~, &TR(" . ~ . ~ qf'<J~d ~' &Tf<" (" \VlqOje;(ii\C.,j . ~' &TR(" \V!Gt 0it'51 9~ 
;aq4'HIC'5I ~ fu'4" ~ 31Gt~lt'5"11f;:f ~ ~~~ 
~~ -~~ ~ '1l e;(ii'C.,I ~ ~ W?l'h \VI ~ 

- <I <elllf.:t C'5 ~ . ~' &TR(" \V!Gt 0 it'51 

~(~ . ~' &TR (" \V!GtUIC.,I ~ m+rrrt:f <l<eillf.:tt'5 ~ ~ 
<I fllllf.:t C'5 <l<eillf.:tt'5 gfafiilll ~ TrtT lfi'f ~ 
<e4'lt'5(0j fu1le;(ii'c6) <lfllllf.:it'5 ~ ~ . ~' &Tf<" (" \VlqUjc6) 
~) o-~ ~ <1<e1llf.:t* :e4'lc.,<01 ~ ;aq41f11a1c6'1 ~ ~ 

- ;aq4j4fldl6(ii\ \'1411;a~ lfi'f ~I . W?i'hli't~Hi ~' &TR(" \VlqUjc6) 

. 
;a q 4lf1 I di c6) ~ GfiIT\Ff (.'1411 ;a~ .._ 

~ 111lGt"'l+il ~ &TR(" (."tqOIC.,I 
;aq414flditl(ii' ~ lfi'f \'1411;a~ I 

C\O., ~ if'rt . ~ . ~ Gtcstf:e~<tfl ~ ~' ~, . ~~~(" 
-~ fu'4" m, q;)tr ~ l1M+iii41c ~ GtldlGt<uflll ~ 
- CJ)RUl (" ~~~~~(" ~lfi'f~ I 

GtldlGt<uflll Gtl<'tlGt<uflll 11~1Gtc6'1 ~ ~ I 
~ 

90.~~ . <T.t "11 ("+:j * . ~ <&la~1i! rt <e~CJ)(.'1"1 TrtT . ~rt(" CfiST 

~ ITT fu'Y", ~11e:(ii\~ ~qr ~1~+11 AA q1Tf'l~T.1 ~ 
- CfiST (" ~ ~ ~ ~ 31Gt~lt'5'1 1f;:f \'1411;a~ (" ~~ 
~~ fu'4" ~ amli(+ii ~ C'5:Sl4'1c6'1 . ~ C'5:Sl4'1C'51 ~ 
-~ 31Gt~mu11 ~~ ~~ 



ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

Cflsl q '1Cfll . ~ ~ ~ CflF(Ojf5(i\ '&{'14i{1 . ~ Cfls1q., ~ 
CflF(Ojf5(i\ ~ ~ 
-~~ . ~"('~~~~~ . ~"('~~ 
~ qjtfl{Wll~ ~ rt ~ ~ ~ ae:rl" ~<iii~Gi 
afiCfll6(i\ ~ ~ -R o-e:rr 1llitlr 1frf ~~I 

(~, i'f141i'd"I 

~~ . 'dGl6'<016(i\ ~ ~ "<' 'Cfl"ST ~ 
rn) ~ ae:rl" ~<iil~Gi ('1Cfll'(l\f1Cfl 

- ~rt"(' &1~'<6(i\) T{aj ~ I 

~~ 
~"(' 

~<iil~Grn(i\ 

90.Y ~ mq . ~ -~~~AA • ~' fqm;r"('~ 
-~~ full • ~. fqm;r "(' m ~. ~ 1'>16(i\ &IGtllGl6(i\ ~ ~ 
~ ~ mq '[il ~ ~'1i'd;i "(' . ~,fqm;r"('~ 

- ~' fqm;r, 
~ '> ..,~ ~ 

~"(' li"116(i\Cfli &IGtllGl6(i\ 1111 1+11 

~~ ~'&{'14l{1 ~ 'd 41f1n Id if5(i\r.6} 

"('~ . m, fqm;r "<' ~{WI*' ::a4lt1n1a1r.N W1'11f+1Cfl ~ ~ 
'> 1llitlr ~ '&{'14l{1 "(' ~ ~ "(' ~ lfrf ~I 1111Gt"1+11 

'34ltlf11dl iildl~~;i I 

~"(' 99.9~ ~ ~ \ACfll'<Cfll +Jfo:t\ijg(i\ ~ 1Tt +Jfo:t\lt*l 4fi"lll'11 ~ 99 . . . 90 
3Rfft~ - +l f.1 \ij r.6l full cft" +l fo:t 'l1 6 (i\r.6} &I Gt t"ll Cfl '1 iii IC ~ 

~ +l f;i "' r.6l '4fuwIT ftr;; {WI ~ 11 'd "' . l<lf.1 \ij Cfll ~ "(' 
- +l f.1 'l1 Cfl I 1il"CflR . l<lfo:t\il6(i\{11t ai~Jl'!<Kt "<' a1q<fua >a441n1a1e:(i\r.6l ~ 

(ti 1 tj)'i'Kt "(' 1T"fr q4ftCfl'(Oj ~ ~ ~ qR ~~ 
mq~) . +Jf.i\ilCfll ~ "<' ;aq4jf11a16~ . "' 41 {WI r.6l -.,cmr "r.6lft 



ii. rc-~Q-~) OQfllill (lfj,41\'1 ~'il~t1 ¥{"41~41"1 tti'f1f 
~~Q~~ ~ ~ fliQllfi"jq 

~. ~/~ ~ ~ ~ 

- (ii iii 111 c.fil ~q)t't~ mq~tflrt~ 
~'(" . ~ +Aft1111e:¥> m ~ ~ ~~lfrf 
::aq~l~ll:"ll6¥' ;iq1tvtc.6l ~ ~ ~ ~ ~ ~I 

- ~Yl<.Vt+U tfTrt f'41'1+11 ~ ~ ~, ~ 
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