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~ t:fl'iT{ ~ ;aq'lflfl (~ ') t:fl'iT{ ~ ;aq'lflQ' (~ ,o) 

~ *' 1f.:t Cf) 'l. ~ *1 I f.:t Cf' 'I. 'I ~*llf.:tCf' ~ "{ ~*11'1Cf'I 'I. ~ *' 1f.:t Cf) 'I. 'I ~ *1 I f.:t Cf' iW'l ll '1 +i I ~ 'i:R 
~ ~ iflst6(ii\q;) ~ ~ 1.fr ~Sl6~+il ~ (independent variable), anf'-«i 'i:R 

~ 31Clij<s~~ ~ TR (dependent variable) "{ fitttf.::llltt 'i:R 

'I.~ ~(!"'fl ~ ~ll{Cf'I (control variable) q~"CI I '1 TR "{ ~ 
~ (!"'fl 'i:J><1"'1~'>16~~ 'i:R f.1tt?.t01 q;) ~ Gira TR 
~~TR 'I.~ 3tlf.ll(~ "{ ~ l{Cf'l~6~"CI ~ 

'I.~ ~ *1 l'1 Cf'I Sl 4l • 11 i:+i Cf' ~ ~ (R~l\3'1 

~~ :aq1tts~ 31'4{1~'1 TR 'I.~ ~ l{Cf'l'S+il ~ 3ITTU<1id 

'I.¥ +i I q'14'1 I ~*11f.1 Cf' ij(i.f>a '1 (Scientific Q;Cf' I ~6 (ii\ '!ffil ('1411 '3 '1 

notation), ~ ;aq~4f6~ (Metric '!.¥ ~ '> ~ '1 I Cf)(OI +i I Q;Cf'I ~41 a l{Cf)~q a I 

prefixes), "'\"'I a +i 'ff'tf (least count) "{ (homogeneity) ~ ~ ~ 
31"'*1 ~a ~ 1l"llllT 311~1(~ Q;Cf'l~6(ii\q;) 1l"llllT TR I 

TR I 

~ ~. ij'if!Cls~~ ~.'! \iflq6~~ ~ '1i+ilCfi(Oj ~ ~. ~'if!Cls~~ ~.'! ~ ~ ~~ Cl'1~R1 ~ 
~ qlOCf'(OI (binomial system of nomenclature) q/OCfi(OI "{ ~ \il4k(*1 ql0Cf)(OI mT ~111'1 

~ ~ ~ "{ ~ 311f.11<4'11 err Cfil'S{'fl+iCf'I fitilblals(6 :ac::1s<o1~~a 
\if! Cl 6 (ii'~ ~ *1 I f.:t Cf' "'1'Tlf ~ mTR 

~.~ 'l11'Tfu (Genus) "{ ~ (species) ~.~ ~ QOfT;it~fl~4~ 'iif4f (class) 

~ q~"11~a TR ~ qlfl(f)(Oj ml" q4f6~f<i4"CI ~TR 
~.~ ~ ~ ~~ 111~Cl6(r"~ ~.~ ~ Cfil~(Vl+i ~~~elq;) 'iif4f (class) ~ 

qlfl(f)(Ui4il ~ ~ 1IT'f qlif(f)(OI ml" q4f6(r"fil"CI ~ TR 
~.¥ ~, ~1~~1 "{ ~ lij41((_~(r"~ ~.¥ '> ., ff "' ~ ~ 111IC16~4il q4 Cfi(Olij41 i}i+i CiCf'i~ I 

~~1bla1s(r" m TR 1 ~ Oll119!IT TR I 
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~~q~ ~ ~ ~q~fRT (~ ') ~ ~ ~q\iitfiff (~ ,o) 

~.¥ ~(1 I ft!~ ti < C(1 I ft!~ ti q)) ~.~ ~~(gq)) ~ ~ d1Ciflf.14il 
31~1(011 ~ tfTrf I ~ m ~ ~ ~ >iflci'1+11 

~~1l'fl 

c;. 'lf?.ir c;.9 ~ ~, Ma'« ~ "{ c;. ~ c;.9 ~ q1#C.vtq)) f:fzr+r ~' ~ 
~~~,llfu~ 1Ff "{ ~ '11"1Ci'1+il ~ ~ 
< ci;rf~ ~ ~ tfTrf ~ 1Ff 

c;.' ~ ~, Ma'« ~ ( c;., ~ ( ~4i~+il ~ ~ ·~n:4:q1qq)) 
~~~,llfu~ ~~ 
< Clirf&1+i<"tl~+:ci44r 41f01~"1~ ~ c;.~ ot11¥fl1~111q)) ~ ~I ~ 
~+HtM 1Ff 1Ff ( ~ '11"1Ci'1+il ~ ~41'"<14il 

c;. ~ ~~~~I ;aq4j~1e;~ ~ 1Ff I 

~.~ ~.9 ~~~~~ ~.aT'T ~ ~.9 m ~, ('ljqijiJi "{ ~ ~ 

OlflW 1Ff ~ 
~., m"lf ~ siflllfurt;) ~ ~ "{ ~., a:jul{l'(':'q)) ~ < ~ 3114(1'1+11 

~ amnfta ~l+il~ ~ a:fW Ol:ITT§qT 1Ff (f!lff ~ 
\3 q *< 01 g~q)) f.r+{fur 1Ff dl'ftltll(UI ~ (Anomalous expansion) 

~.~ ~ Sl*l<q)) ~ ~'1q)) ~~~1Ff 

~,~m1Ff ~.~ ~ ~ ~ ~+i('llq)) 

~. ¥ ~ < 'Cl1!i'r 1'll'hr ~ ~ ~ ~ < ~+:ci4f.t.IB ~ 41fl>l~'>I~ 
~(~1l'f ~~1Ff 

~.!I. ~qli1+il m '3'1111f*I ~~M~ ~.¥ ~n:mu1 ~ "l+iiilic<, ~f'11ci.1 

~l<"tEl~ qfi':'€11'1 "{ flil*l~*I f.tC.1 f'1 *i.1 "I +iifli c< "{ "<~ ({~ '1 

~~1l'fl t1+fff'ic<i!i~*' ~14~41'"<1*' ~ 
m 1Ff ('{!lff ma I (UI ti +iifli a<*' 
ifll I fl>t ~ ~ '1 q)) fcl'fu SI 4'1 ~ l@:F<I ~ 
1Ff I 
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~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq I lfi" I q ~ t.fOCr 

~ • ~ ~ ~#tlf'i14' q4~ij+<ij<tft ~. ~ f4it>1lm+i ~. 
<t.~.~ ~ ;aqij~fE\(ii\ #11'1~1~ 'j)'1i:1f'1P~ ~ ~00 f4it>1lfl1i!< cm, cio 
-~ • r;..*11'1~ 3lfu ~~ 3lfu ~ +ii~'*lfl1e;( ~ ~1fu!r.tJ 

- ~'i:j~('j ~ ;aq~~fE\(ii\ ct«Iij U1 *' ~ lf.f ~ ~) 

(~ '(" symbol): m lde<IE\(DI '(" Qi'llfi~cilli! Cifm • ~ ~ ;aqr.tJ(Uliilii! 

(T), flTm (G), ~ (M), ~ 11f't(f llif ~ least count 

~ (k), ~ (d), ~. • r;..*11'1+11 ~ ijl'11~f{cj ~ ~ ~~ 

(c), ~ (m), ~ 
ij(~IE\(ii\r¥1 ~ ~ ~ ~ • ~ 1fA ~ T[zj-
~ ~ (f~ m-'11 ij(~l(11~ 31 l'H4 i'.fJ <=y;'1 d +i rrrq ~ 

(µ), ff (n), '(" fqqfy ~ ~#tlf.14' ·~h(ii>('1'1 ~ Tft ~ 'Clfr&TUT m 
(p) ~~~~~ • m-'11 m-'11 q f< +1 I u I E\ (ii' "1'ft'l 

<t.~. ~ <=y;'1d+i ~ -least ij(~l~i~ ~#tlf.14' ij(ii>('1'1 lf.f ~I 
count) ~~i'.fJl\d~'("~~ 

-~ (,g~+1(1li~i ~ ~ ~ 
-~'("~ ~ C{\di!l+U~ ~ ~ ~ 
<t.~.¥ aITTrn ~ f.:!Jl+1(11~ iifm ~) 

dllii4~'li'.fJdl • ~ (f~ m-'11 ij(~f(11' ~ 
(f~ ~ ~f\11(114'1 ~ 
f';j~i:j('j ~ (f~ ~(ii><'l~ 
~~~'("~ 
;aq~~f4'1 3T~ ~ ~ 

• m (T)= 1012
. fum (G)= 10

9
, 

~ (M)= 10
6
, ~ (k)= 1000, 

~ (d)= 
1
/10, ~. 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

1 ~ 1 (c)= /ioo . (m)= /iooo, 
~ -6 1'T'ifT -9 (µ)=10 · . (n)= 10 

"{ I ~. (p)= 10-12 

• ~$tlf.:tq> 3W:P"l"1+il ""!"1<1+i ~ 
~ @lt1'ht1 ~ 0-¥:11 ~ 

Cf>fCr ~ ""!"1 a +i ifrCf at I'!!~ zi * 
~ ~ ~ q~+il'll+il ~ ~ 
'<1'l2f 13~1~<UF~1~<1 ~ ~ 
(~ +ilf.:t~qi) ~ ¥ ~ 
Cflfcf;T ~{'Cf ~ ~ qfr~ 
~+ill+il fli~2*1 ~ ~ 
q;1<fl*1 +t1mi ~ fli~flia<c.til 
~~~~~~ 
Cildl'd~I f4>~°'1fii2<*1 +ITT!" ~) I 

• ~ ~ cB \jqq><UI ~ 
lJzj" ~ lfif ~ ~~"il~I 
n qf{+ilOit\11~ ~ \jqq)'(Olqi) 

least count ~ '<1'l2f ~ GR 
• cB qf.f if['q" ~ "<IllllT ~ 

13qq>'(a1*1 least count~ +JR 

~ ~ ¥ a~1~<01 m:rn 
~q)l\3~ (~ : ~ f.fir ~ 
~ ~4; .. ~~R1J feq~I'~ "<IllllT 
lJzj" 0. 01 ~ 4; .. ~ ~ ++1, fl1c:{ 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

;:JG:I S(OiS(ii\ • ~ 1r1"1cts(iKr:6) :e1411;::q '11+1S(ii\ lITT I 
~ fa '1l 6 (ii\iji'j ~it 1f.1 q; • qlffq;<a1q;1 ~ erns(ii\r:61 
'11+11q)(Oj TR \A~'llq)I cITT+rr schematic diagram iil'11C!\r:6' 
W't 'h ("I ~ binomial system ~ 31ci~1*11 m 
of nomenclature "r:6)-~ ~ • q;-&lf+1T ~~111ffs(ii\r:61 
('1~11'3'1 ~ &1ii1t>1l*., m 

• ~ 1r1'lcts(ii\r:61 :a~1s<o1s(ii\ ~ • ~~ ~ \Alll411c:-+1q) 
Species '*1" cITT+rr Q("l 'h ("I ~ q;1 lfs(ii\r:61 "it"ll i~i'fi"I m 
< ttfhu~a lfif ('1411-a;?t 

• Species q4flq;<o1r:6) ~ 
~~Cfu:r~qR 
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Cfii 45<"1 • ~lqtUTfi'{4Cfi 411(11Cf)) ~ $1MCSllC! 

-~ ~ 1J1lITT4T ~ ~ ~ f.:lctii~ 3IB414'1 
(+i f.«"1 lSCfi "{ ~) ~~~,~~ 

- q~q, <(1 ~ 1J1lITT4T ~~ ll?.lil<I ~ ~ 
- fill 'iiUi{;t d ~ 1J1lITT4T 31 q ~1 Cfi '1 lf<Tt &fl<A ({Cf)) ~ 

- ~ 9011~.,ICfil ~fqil~ll(1 ~ ~ ~ ~ "{ 

$1 I 4 I 6 <"lfcit '€1 ~~~~~ 
31k1Hikl rt( (~ "{ 

' ~ ' ~ 31q~icti'1Cfii 31itll<+i1Cil~l"ldi 

~ 31Jt.ll<+ii) ~ 'Cfi"&TI" WWI <tit1 +i I ~ 1fTf" 
-~ fii41Cf)) ~ (1%3~, 

\(.~~~ • ~ ~ ~ ~1~a6<"'Cf)) 

\(.~.~ ~ 
~~ ll?.lii<I 31C4{WllCfi'1 lf<Tt 

-~ 
~ 'llctil<Cfil (~~ ~ 
+ii~q~~ ~ ~ ~ "{ ~ 

- "l"Cfi'R ~) a '16<"'Cf)) m ~ ~ ~ 
-~ fcnfA" "{ '1 ~')I '!<kl d '16<6\Cf)) ~I m ~ "{ 

iJ~6<"' Cfil46<"1CSll~ Q(1qi(1 ~I 
\(.~.~ +fT'1"iif ~ 31 q ~1 Cfi '1 Cf)) 'll fa~ kl '1 ~ 1fTf" 

- ~I 'Cfi'1<f "{ 3im- (1411'3~ 
\(.~.~ q'1~fa ~ • +rr'1"C4" ~ $1I~~ll6<611 
-~ +i f.«"1 lSCfi "{ +i i ~ q ~~ f}q '€1 ~ ~ 
- C4'1~fa ~ t:+i1'1Cf)) 'll q I 5 Cf)) 'llfii ll I t1 I~ Cfi+:O!C!< +i I 

Cfii46<"1 (~i~c?lctii~f.:1'1 input, output"{ CPU ~ 
"{ ....,.) ~ "llCfT5 SIThti ll I 441 ~ 11t 

- C4'1~fu ~ t:+fi'1Cf)) +rr'1"C4" ~ 'll 011 ~1 Cf)) "Cf))" m 
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~~,~~~ 
~ 1Tfr ~ c;AUll~lq)I 
~~(~~ 
~' q~q,((1 ~ ~ ~ 
~ '€1 I ftvt d ~ ~) Cfil° GfiITCl'G 

~ futfl~~ijil *14~~ ~ 
d1 '"d (~~"a GfR1rr ~ 
@1(1Cfi(1 lfi:f (1411\3~, ~ lfi:f 
<iMl\3~, dllct~llq)dl~ 
fu~ ¥:ftf ~ ~ 

• ~ ~ +i~*rtl <flfIT, ~ 
~err~~~ 
+if«itli.fiqil ~ ~ 
q ft '€j I "1 lfi:f (1 411 '3 ~ ~ '\3CRi 

'i!l•l~~rtl q)ltfa~ tfUR lfi:f 
(1411\3~, ll'RT err~ Cfil" +i~di!41i! 
+i f«1 Iii.fir¥! ~ f.nJfur lfi:f 
~ ~ ~ U1it +il~('l('ll~ 
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~i'Ff~mlit~ 
~~~ 
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• ~ ~1~~<15¥ ~ m1it 
~~~~?~ 
~~~~<R 
'a""111'a+i~¥ ct>5i«I IC! 'df'i 1~'1 
~ ? ~ SPU16¥ ~ iJ~t.ti) 
~ ~ t141i'd~ "<" ~ 
fi-fi~+ii'.f'I ~f.:"l~'l"' (~ ~ "<" 
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~ 1Ff tvt41i'd~ m~ ~ 
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~~~~F=ma 
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• »;i&l '{6llc6'1 ~61lld I~ '€41{WI~ kl 4f 
rqc::1c6'1 mil" f.:ill+ii.1$1 ~ 
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~ ~ ~ qf{iil<f"'I lfQ 
~Cfu:r~ 
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41016(ii\c6'1 '4'ftm'iu, '3~16<01 ~ 
~ 'W14'1~ -R (~ ~ 
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- ~ ~ ry:f.Rvt ~ < ~i'.filH (\~ cm i'.fi 1 31'Ta 1< +i 1 

gfa~~I • m°lf itlPfa(Vt Ii ~'F!~~ 4 itlfi.R:t+l I ~ 'i~ li=Cfi'1 1Tif ~ 
- ~~'#!~<~ (iql'*1(0I ~ 13qi'.f)(UI r ft:Ar.l;r • W'1 qi (Vt +1 I '31l 6 (C'Cfi l 

gfa~~ICfil ~ '1'i"1I6 (6: fin1tu1' 1Tif ~ ~~'i~l(tf)"1 

aflqJt~Cfi ~ ~ 13q£l141ii11~ W'i<{i(Vt ~ -mr 
~. ~ m-4 '3i \JI f *' 'A fit tw# • ~ ~ ~~< gfa~~l441 • gfa~~'1*1 'iii'll1(*'1 -mr 
~ (m°lf~, m-4 r. ~ ~!ffl+TT fu!ffCfl" ~ Wcr ij+:Gj Ofld ~ ij+ili'.fi(UI r ~ • 
'3i #1+1 I anmf«r ~ ij+i~li'.fi(OI ~ 3fRITTf ~ Wcr ~~'16(6:+11 ~~ 
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~4'3i\11f ~ ij+:Gjf.:trn ~~~~~ • Q;Cfil~41d ~ iii§~*~* r 
~ 13qi'.f)(Ol6(6:) • ~ \3iGtfr.i?1 ~ ~ fit 'l ~ 4 I a g It '16 (6: fin1tuT ll'fr 

- ~ 413 \llf ~ ij kl f.:trn +il"li'.fil Cfil(Olt\(C\ ~qi(Vt ~ ~~&ll"~I 
13 q Cfi < a I $l rr+["1T • m-4 '3i\Jliijkl~ ~ ~ 
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'&ldt;(e' "{ ~qi1~qi1 fa '1.,1 Ei (e\*1 \3 q £11n I d I tifft '&lVI Cfi {'1 

~ ~ ~ f.:tqi1~ {"till\dri 

• ~ "{ $111.:!"lilli~ ~ ~l+il"'I 
~ ~ ~ f.;+ITur ~ 
f14{'1ili;'1 ~ C{T ~ ~ 
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at'i-ltlF(Ullil('l ~ ~ 

• ;i q I {'1 +i I 1PftlT lfif ~ 
~qiR;qqi \ih\11fqil ~ '&l'l'fi{"t 

lTft <&lats(e' (~ ~, ~ 
~' \11t'l~i#!d, iill£1"iilli~. m1f 
~ m) ~ q~'i'W1 ~ "{ 
fet'1.,!Ei(e\*1 ~*l~q)l{'11111 ~ 

~Ailct"11Ei(e\ ~ ~ ~ 
~'tlleff{"tl~ Wit CAfa~~'1 ~ 
lf<f {'1 ~ii \3 ri 
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~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~-mr~ • '51C'4ilSC4 :e1+idli:4>i ~Hi~l~i~ l:4>14si~ll1*1 ~ m l1't 
~~qi~'1 ~ "{ m 31~di~+ii 1Jlit1T ~ ~I 

~ aw.m+ii ~lfi<r.61 ~flm1'11:4>1 ~ ~ 
\1<Rf~~ ~ ~, ~ ~ '1f\r!it;r.6) 

31illi~* ~ITT 31~a1~ err ilf6q;~ ij ""l<+il 
~a{f.f~ ~rn~ 
~~~~IQ)< • ~ q<(ICHf"1 ~ ~ '<" 

~&tllllf'i* ITT ~l 4<1<'1ffid ~ '34lfl~i'S41~ 
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-~ • <ek!M f-i:t~6<i' ~ '51C'4'{6ll 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

99.\ ~oqci"1t1 ~ • ~tlleff{"ll~ dll'.l?ltiE:~effl JS)ufhti+i 

- qfh11'11 "{ ij+U"11~H \11'51'1*1 ~ URT 

- ~ " ~~I u1ciltl "{ ~1 l~ ti {"! lfi( * ij kl ?Cfr 
~ ff.t~l'1<:11 ~ {1~11'3'1 ~ ~ 

99.1!1 ~ ~ "{ ~ • ~ ~uflii+i "{ 

~ ij+11'11~H \i1'51'1effl 'Pilq*I~ 

99.t;~~"{ ~ ~1f01ci')ltl ~ 

~'j;sij~;s: ~ 1fif ~*1'3~ 
• ~~~~~ 

"<:1T'T :uf<Rt111 ~q1ra~a ~ ~ 
~~ 

• ~'q81~ ij1+1t4*1 ~ ~ 

• "¥qf.f~~~ 
~l~Q)effl ijl+Ht4effl 3f~ aphlld~ 

• iji+it4*1 q~i111:11~ P=IV 

~ ~ ~111fb1a 1Ttr ~ ~ 
1Ttr ~ ~ ~ 1fif 
~*1'3~, 3fRTm ~ 

• ijl+it4ril ijlQl(lll ~ 

~ ~ (~ ~lf<Rtril 
q~+illll) ~ ~ E= ~ 
~(P)~~ 
;aq*(Uleffl ~ (N) ~ (t) 

~~~,~~lltr 
~ 1fif ~*1'3~ 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq I lfi" I q ~ t.fOCr 

• ~ 'l'iqat111~ kilowatt-hour +rr 
ClfORi~~~ 
kilowatt-hour Cfi't' a:f'il:f ~ 

• ~wfr1TTA~ 
;aqi'{>(016<i¥1 ~ (Pf>~l<illi!+il) 
"{ wfr1T 41~~*1 ~ (~) 
~ <ia q a r¥I fumif 1fif 
~1¥1\3~, ~ ~ 

• ~ +i 6'«t't r¥I ~ fumif 1fif 
~1¥1'3~, ~ ~ I 

• ~ ~ "{ ~''pg~f"5~ij+:iij<t.fl 
31'1.<i~ I <+11 alfq~if>I ~ +i'€1 I (6(E' 

~ err amoft 31'f'l <il 6 (6 
~ dlCilUi(Uii ~ qA "{ 
ri!tfli.ti(Oji$1 \3~16(01 at'ICfit'i 

TA I 

~ ~Alf'+i I u:s 311 if> I ~fl Zl fq u ~hi (E'fal '€! ril 3111¥1 ~fl Zl fqu:g5(E'fal:q ril ~ 3111¥1:ITrll" fqu:s6m'€1r6l ~ ~ - • • 
~ +rrq;=f TA ~q;1 ~6 (6 +rrq;=f 1fif ~ Cf'f, ~ ~q;1n(E' ~ ~ 
(~ Cf'f, ~~'1lf+ilf>t't ~~<flF+i i.tit't Q;i.til ~6(6\ wfr1T • ~li.ti~t't "{ ~~twili¥1 ~ 
~) ~ ~ ;a~16<01ij~a ~ ~~ 

- ~llf>~itwi "{~ 'lR • ~ \iflq1"1~+:ii14! ~ 
- ~~(~, • '51 Cll i6ll r.pl wfr1T 1ffr ~ I i.ti ~ twl ~~'16(6 mm 

~:S'111~<i! ~ "{ ~) <" ~ ¥1 I i.til il'ft+rr ~ Qtwl Cfi twl ~~1¥ffr¥1 g~~~'1 "{ • 
~ ~*11'1*1 ~ ~ " m - Si«:lOlif>(Uj 1'i."lll~q)'1 

TA ~ "{ ..... "1~11"!;,"1 • l5I Cl.I;~ i$I tp;ft1r 1ffr ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~(fHif\41 (NAST, ~~ 
NASA, !AU) • ~ ~#11'1r.A ~ TR 

~ '{ atra<iP>!:zi ~(~ijf\41 
(NAST, NASA, !AU) ~ ~ 
"<" lfl~l~l'1¥1 ~ ™'14'1~ 
TR 

• ~ ~#11'1*1 ~ ~ 
~ '{ ~'""<HfP>i:ll ~(tlijm 
~ ttil46'<"'¥1 ~Ul<t:Ptt 
~ 1fft 'ilfd~~'1 ~ 1frf 
~~ll'd~ I 

~ 9~.~ 9 l 9 ~_< ~ '*'I I < "ilfcl'fu • ~~ii1'1+H ~o~ • 5)<~'*'11<~Ulrtfi ~ ll~'16<6 ,v 
(("~ ~~ -~ ~~~ mm 
~ ~ -~ ¥14Sll"'illll 'd~l6<U16'<"' (qo;iq~tf)I, ~' • ~ 111->iii1'1+ll 5)<~'*'11<*'1 
"ilfcl'fu (f.:t 111 '€1 a at 11R"1 *1 i!ft'i fli \jj 1:, i!ft'i Cfl l '1, ~, ... ~ \F'll~ltlll 'd~IEi<UI ~ 

~~'dNl~'1 +1lii11$~ qfr.f, ii11$4'11$, ~' • ~ 1i\3q4)6~Ulrtfi ~ 
lfft~~~ $rc!<~C:, GPS ~) ~ ll4l~liill~ 'il~l'16'<"' mm 
CfT 011Cf(\=1~1~ ~ ™'14'1~ ~ • ~41 f.:rj * q-~ ~+ail ;:+J+IT 

~1fl1ci;*1 1_'€1'11r.A • ~' ~' i!ft'i'hl'1, ... m ~.,l'tH 

~~q~iild'1 ~, +1lii11$~ qfr.f, ~' • Sllll~llt+ltll q~ ~ 1frf 
1fft ~ ~ ~IQl<UI $rc!<~C:, ii11$4'11$, GPS ~ ~ ~ atiilt'1l*'1 m '{ 3ITT'+I" 
. Q)f.:c'1 I tlll ~6P•rn1;i '{ <i<~'*'ll< 'il~futlll 'd~l6<UI ~ c:Afuli! kl '1 1frf ~ 
~ GlGT 'ifQ; ~ ~'11'3~ '{ ~ ~ • 31'1~1$'1 ~~ 'i.jqlll6<"' 
~ll(11$C:tlll ~61ll('11~ ~~~~~ ~~ 
~ i51 \3G! IC: 3frif • ">1""'11i1X4 ~l+l~i.fil ~64l~I~ 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq I lfi" I q ~ t.fOCr 

~~~ 10,('('l~li(q;) ~~ ~ ~' • *P'.12:(~( 
~~TR~ W1 Cfi~ ~' AM "<" FM q,1- Cfilll(Clllt'lq;) ~ ~ 
+:f'f.f) q;1lf~41"<1 ~,~'ill!; • ~~C::~ ~ (Digital 

C\l'~~ '1 f\11 **' ~ err eo~ ~\ii '1 Footprint), di '1 ~ I ~ "1 

-~ ~'(1"1q;)~~~ ~~1~411ll<:'1q)I fi:lt11Z1+11 

- 10,('('l~li( sifqfui:rr • lSI Oll itsll '(11 +Hfl q; I ~HI zfl 41 cH ~~1effJI ~ 111"1~1~'1 

fa '1'h: (Iii'*' +ffl"t"f ~ '\ldq4)tit:J)I ~ W'tlfi~ atai~'l*'1*' "l.~l(r.t>'1 lITT I 

(~ ~ dlRl"'1' ~ ( ft'14'16¥*1 ~ ~ 
~ 1f'f ~Jl~i(1'1*' • lSI Oll itsll '(11 +i ~ *' ~ 1ffr 
"*l'+f 1A" <'f!lfT ~ "<" ~ 11._>aqm;q;) ~ ~ 

3Rfft~i(1+4<4f ~ ~ 

'(1(1'.t>t1'1 1ffr ~ • ~rc!'<~c::+i1<ta ~ Tr.f ~ 
~) ~ communication tool~ 

C\l ~ 1111qf.:iqi i(1~ii(+il '3~16(016¥ ~ ~ 
~r(!(~C:: ~rc!<~C::~I~ am{t1q; ~ 

<tl l<t ~rc!<~c+il i('li+i~*' sifq~~~mm~ 

m • ~~~,~~, 
- ~ ~f.:a1"1~ ~ 1Jrt<f TR afit:J)I ~ 'fl!'1T ~ 
-~~ lffr~~ 

" ~ ~ ~f.:a1'1~ ~ 1ffr (filetype, Inurl, and, or, • 
define, site, +,-,*,map, ~r:c::<~C::+il ~ '('ll+i~6¥~ 
weather)~ 1ffr m TR ~ ~, 'fl!'1T 
q~~<:'1 m (na"ow ~~TR"<"~'l'f 
search results) ~411''3~ 

- q;fq(l~C::~~ • ~'"C!(~C::+il ~ '(11+i4flq;) ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~ ~ f~fta;(el ~ 4~tsr.f!<1 d~ij)iti(el, ij)tq(j~C:: 
-~ 4jf<~ij)) ij I +i fl t6l ~ ~' ~ 41f<~ij>i 
~ 'q"'a'T ij I +i 4f1El~t6l 31 iftl q>j~q;a I 

{'1411\3rt ~ fcl'fu" '4'fr&t Uj {'1411 lM t6) iflfIT ~ 
(~, '{ISl54l\SIUI, ~' ~ "(" ~ lFf ~411\3rt 
1Jij)l~l'1 f1lfu, ~' • "f, ~I ..Jt~q>I ijl+ifie\'(i\ (text and 
IJij)l~iij) .~) image) ij+qiiM lTfr fg~rlij'1 

9lY 31'1~1'4'1 ~lffi 'lll4ll+iti'(i\ ~ ~q~d 

- ~lffiij)'J \3 q i lHi '(iii\ af<ij>ltVl '6~ii"i! ~ 1ffr ~ 
(ij>+LI~/·( ~ lFf fijq;1;a"t "(" ~ ~ 

lii'a(ijt6) ~' • d1''1{'1 I ~'1 ~~ :e utf.:trn 
4'illl(qj~ij)) ~ ~ (case study) 

Y"4l 41{'14 I Ill a 31'1{'11~'1 ~ ~ ~lffiij)'J \3 4 I ll ti '(iii\ 

~lffi), <e J:iil "'Cl +i I ijl+ifg* 'W't4'i{l'I ~ 
- 31'1~ 1 '4'1 4f'lqrfl<ia1 "{ • di '1 i'll'a'1 4f'lqf.:t<ia1, ~ 

i'Gf\11 C::{l'I ~. ~~yfaq,"1 :ea~a1 "{ ij~d'11 
~ ~;s:gfaij)) "GfR+rr Y«j;alij>(UI "d"qf 'W't'h{l'I 

:eaqia1 "{ :e~a'11 ~ 

• f'Gf\11 C::~ ~ (Digital Footprint) 

"t6)" ~. ~ "{ vqrcr 

ij J:iil "t.TlIT \3~iti(Oj el'(i\ij~d ~ 

qr~"{ 31'1~1~'1*1 ~ 
~~~qf.f 

• *+11C::<~~"(" 
4'ii'°l(qj{l'jij)) ~ \3~iti(Ojijfe:d 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

~ lffr ~ qi'°:{(!('ll ~ 
WW~I 

~ ~Y.~ ttY.<j qF('ilOlf};i* ~ • ~ ~ ~ ·~i<'€1"11c¥1 ~ • q1(+'t10l~qi ~ 31Cl~lqi"1 ,~ 

~ ~"{ -~ ~ lffr ~ ~ ;aq~Clt.I Ti« 
(lijiqf'1qi ~ Y. ~ '"'!f#i 4 ~ ril fl4 lflH'CI ct«jjl(liilqi) SllilillSllC! 'qi'~ ~ • ~q(~"{~q( 
~ (n/p 3T'fITTi, ry;f.Rit4< f};i<:;jjefifl'<i' ~ ~ lffr 'P!l;ii"1c¥1 'de>le:<o1~~<:1 ~ 

~) q1<+1101fi;iqi ~ ~o ~ ~~I 
-~ ijfu~fa' <:l't"C:Ul'(E'*I f:itatllllfli* (three • ~q(~"{~q( 

(radio activity) dimensional) q1<'1101fi;i* ~ 'P!l;ii"1ISllC! ~ ~ 
ttY.~.~ ~~lilwff \3ctt'4'1 ~~~~ ~ ll I qi) ClITT9llT lfif ~ 
-~ ij ~ <+n=rr w-t lfl t>t TA • ~ ~ \34li.,1~1<:116'<6 
- an;qrr (a), ~ (p) • ~ ll ~qi) *141 '-ll ('Cl qil "ffiflr ~~ 

"{ 11TllT (y) {4i'q;(OI 1PrT'f qR <:1't'61e:'<i' (nip 3T'fITTi, • ~ll( ~ "{ ~ll( 

9Y.~.~ "{f.Rit4< ~ "{ ~ ll < ~) qif ~ ~ <+n=fT ~ 'A~lllfcit'€1 ~ 

~q(~ ~ rR ~ ilfu~k ~c:t:_'ll\3'1 ~ 

- ~l'lli=ll ~ "ffiflr at I ct!! ll qi ~ 'Jlt't lfl t>t <l~llif.:iqi Gt.,1.-:sril qf{1'jlttl • 
-~"{~~ TA ~~ 

~ ((i~lllf.:i* • ~ 4<'11()1*1 ~ll~6'<6 ~;i ~ 1•lm'I re "{ ~ 1 CJ! re • 
Slf'a~lll ~ lfif ~ ~ "{ fro: ~ "ffiflr aj.-:giSjj(! ~ liif11qiqil 

m) Q)qii ({qi 3Wfil (a), ~ (p) "{ ;ae:1e:<o1e:'<6 -mm "{ "lft" ~ 

ttY.~.~ 41(+11Ulf};i* ~ 11TllT (y) ~ !!lf<RHll~ fet>~+lqil Gtlr:Sfis1'€1 ~ 

-~ 
fi;i~<u1e:'<i' >actt'41 TA "{ 'll'mT ~~ 
~ fet>< 016'<6 +fT'1tf ~~qi I "ffiflr ill'11({qil "1~"1llSllC! ~ "> f1 • - ;aqlill<:llqil 
~ t:lf.:i*l<qi ~ Ql2{ ~ ~"{~~~ \3G:i6(01fl(EI 
"{ an;qrr (a), ~ (p) "{ 11TllT (y) ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

cpr_ ~ ~·q'Al al ~qfy~~ • ~~ct{l1"41~;:e ~ ~ 
- ~ • q~frlzM fclt1C!'1r¥l '3«16(Ul~ft1d ~ ~ ~flli.l'i.l'I 310J6(i'r$1 

- ~ 'i'Al m 'l'fil ('MI \3 Tl q1<+1101fclq; ~ ~ ~ "'11i'IT ~ ~ C{T m 
~ ~ 'llfil ll I ('1 I~ "':if·~WF< ~ ~~ 

~ "." awirf YRifiillli.l'I ~ q~\ilflstd lFf • 31141'1r¥1 ~ ~ 

- ~ • ~ E!l~~l\ilo:t q (+'110~(6r$1 • ~~ ct{l '11~ il'if awirf ~ 
- awirf~~ ~ lll 111 '1 GI IC! ~fl.Ill +i "'if.K.t lj ~ ~~ ct{I Tl ii il'if awirf ~ 
- 31 i lfl'1 r¥I "Ii.l'R ~~~f.tm ~ 

3114lo:ti.1'1 \3~1{\(01{\(i\ '3«16<01~fi:d ~lj(~ ~~ ct{l '11~ il'if awirf ~ - • 
(ql(+ilUjfqCfi ~ YRi~lll('tl~ ~ <ijJt"j;.p(UIG112: ~~ ct{I Tl ii il'if ()I 141 ;:if'GI '€! 

~O~G~~ ~~~lj(~ ~~('"41\3o:t~ 

Cf)tf<",~l~I YR1fiit11r$1 ~ ~ • q1 Q.'"44i+i +i I <ij+ilfcllSC! 
q(+ilOlfclCfl ~ ~ ~ ., ~ 

~. lfttfr, • 31141o:t6(i'Cfil rn+r 

+:ljli41fr1111, 31141f'so:t, • ~lj( feti<ij'1('11~ ~ ~ fq<ijiijj(! ~ ~lfcl<t 

~tlil11iillC! ~ ~~~~lj( ~flli.1'6(i'r$1 rn+r ~ ~ 

31141o:t6(i', ~I qq\l11('11~ ~ ~ ~ ( ~~ 

CfliiSITTlc, o;+11f.:ill+i, ~ ~ ~ ~ ffilf) qfy • q1<:+i101fc!Cfl ~ ~o ~ 

~. 311'!4~4Cfidl('tl~ g~(41\3Tl 311£il'16(i'Cijj(! ~ ~fllifiifil 

mW~ifijl~6, • ~ ~. ~fifi~I ~. ~ 31101fclq; iITT° ~ 1fit 
GI I ~Cfil iS!lil c, f';:p:f twfl 4)(01 r$I ~ ~ l1<:'1IT°l ~I 

Gtl~<ij#c, ~I ~ 'iRp <ijAiiClo:tl Gqr ~ 

~' 11~?1~2:) 61fr1Cflj(i.p ™ (3ij0jfc!Cfl ~1 
~¥.~ (l<ijlllf.:tCfl ~ fcl ~ (a I '11l fta +i 6 (6) "iil'ft '3t1 'h ('1 

- (l<ijillf.:tCfl ~ ~ 

• ., ft ~ 1~.glj +i ., ft 'R'11<:1~6, ~l~~ll+i 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

~ Cfl'll<l~:S, "{ +414~~ll+i 31Cffii~:S 
- <l<lillttf.:ti.f> ~ ~ ~l1ii.f>i.f>i ~ 'f1fIT (i.f>it1S1lt/ 

~ m ~ glj141G112i cn:rR 'CfTfr 
- <l<lillttf.:ti.f> ~ 'lft" 4'111i.f>+ii :e°lll\11"1 ~ 
~ (~Jii4?1'R11Jirc: 4(+ii016(i\*1 ~ ~ 

"{~) ~Jii4?1"1 ~ "{ ~ ~lliiill2 

- ~Jii4?1'R11Jirc: ~ ~/31ott2*1 ~ ~ 

~~(~1~'1"1, ~ ~ ~Jii4?1'R11~rc: ~ 
¥11~tt+1 *'1l<1~s, ~ 4<+1i1116(i't11{ ~ m 
+414~~ll+i dliffii~:S ~ "ITT ~ qfhii~a TA "<" ~ 
~) ~ ~ g~tt1*1 ~ TA 
-~~~ • 61~4l"F'll~i.f> ~' rt, 
~ (6i~~#fl~i.f> Q)+ilf.:tttl, "<" ~ l(1flli.f>i.f>I ~ 

~. rt, Q)+ilf.:ttti 'f1fIT (i.f>1iist"li1m ~ 
'<"~~~) ., 'CfTfr 'lft" ~ 11 gljj41ii112) cn:rR '"41ii.f>+il 

«{¥.~~ <lil.lll\11"1 ~ 4<+11016(i\*1 

- qfhU"li ~ ~ ~c::i'4?111 ~e:1fl 

-~~~ Fillliiilli! ~/Olotti!*1 ~ 

(~<liti)h<lit ~) ~~~~ 

- '3~l~H1 31il1"'1'16(i' 
~ ~ g~tt1*1 ~ TA 

• qo aft'2T df'Cl6'l6*1 <lil.'!\illdl 
<lil+il~l!I ~ 

~t>li4?1'1 ~ ~ ~ ~ l(1flli.f>6(i\*1 ~ 
~ ~ <e'lj;\illdi*1 

- 41<+ii01fi4i.f> ~ 
31ct~mu11, ~/~ ~ "<" 

- 31101fc.i.f> ~ <lil·'!~dli.f>I dl"l'Cll<+il i:'t'f'l!6(6*1 
(41<+11a1fi4i.f> ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~o~ :a'l4l111'1 1!°T 'i:C4f'1+il'1 l1"f ~ 
311l4l'15~illli! ~ ~ 
l4~1flli'.fi5~c¥1 ~) • ~Ji~'RliJl'"C! ~ ~ ~ 

aw:fri:f ~ a~ i'.fil *1 01W9lU TA" 
"{ t.l '11 f+i i'.fi ~ I ~ '{lffi aw:fri:f ~ 
~a II t'1 i'.fi ~ I 11f ':{lffi 31 i l4l '1 c¥I <n"lf 
(q1~+uu1fi.lr.p ~ ~o ~ 
d'ftlf!:'{t\ ~ q;q-(1 ~I ~, 
~I ~, Rll"'41f.:t111, 3114':>1~'11 
~jflMISlli! ~ 3114°'i'16~, ~, 
r.p1Gif'li!, l(~if.ill+i, ~. 
~31<.ffii~<sl 1S11~r.p1iifl'la, 
ISll~ij~i!, ~.~I 
'11~?1~C!), ~ "{ ~l~ij~dc¥1 
dl~i'.fil ~ (1~11\d~ 

• q1~llilfl+i+il ij+ilfi-ltSi! 311l4l'15~ 
~111fijfi;(1 (+1, +21 +31 -11 -2, -3, 
~) JI f1d l(c¥1 'i'.fiTt err i'.fi HI 111 i'.fi I 
zyrr err a:rcrr 1l1ili1 lTf'r ~ 
i'.fi~i'.fiij(i'ij~ ~ * * 
4'fl1r.p5~ ~ ~ ~ 
~ "{ ~ l4ifl1r.pe:~c¥1 <n"lf 

~lff'r~~~ 
~ (1~11\d'"' 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

~~- ~~-~ <l<elttf.:tCfi gfafiittl • ~ ~ <l<elttf.:tCfi • <l<elllf.:tCfi Slf'a~lll, <l<elllf.:ICfi ' <l<elll~* -~ q~qd'1*1 &IC!tll<Oll Tf:~ " f1 <e+ilCfil(OI '(" <e'1('td 

Slf'a~lll - <l<eittf.:tCfi ~ <l<elllf.:tCfi ij4)qi(Olf.Jil qfhU~I 

<e4'Cfi(Olr¥1 ~ '(" • <l<elttf.:ICfi q~Cld'1 ~ ffi tRT~ ~~I 
m~ ~ 'll~lll~I~ <l<elttf.1Cfi • ~ "1lCl'1+11 <I <e I llf.1 Cfi 

- <e '1f('t a <l<e 1 ttf.1 * gfufiittlCfil ~ ~'11'3~ gfufiitt1*1 +H\fE!CSll~ ~ 
<e4'Cfi(OI • f"11(q;r¥1 ?)iJfll~I~ ~ 1liT ~ lfi=f ~ 

- <el+:!lrll <l<elll~* 61$41#11~* ~ "{l1fr ~ • ITT~~~ 
<e4'Cfi(Olr$1 'e'1i't'1 f.:t#r¥1 ~Cf~ <l<elttf.:tCfi <e$a (l'elllf.:ICfi <e4'Cfi(Oj 

(ITT~~ gfufiittl ~$(~f.Ji1 f$if6lfl6(i:\ ~~ 
fiffu Cill 2') ~ l1t <l<elllf.:tCfi Slf'a~ttlr¥1 • ~ "1"1Cl'1+:!1 a1q~11~* 

~" - '111ct'1+11 afi{f.11(011~1~ q-q-~ lfA <l'elllf.:tCfi Slf'a~lll '(" 

<l<eillf.1Cfi • dll'i'l~Cfi !(Cll'eSl!(Cll<e ~, a1q:i:fl~* <1<e1llf.:I* 
SI ff! fii ll I r¥I lttr't"tl' Cfl'ic!l<?l;ij~ij, Lflif~<e'1, ~ gfufiitt 16('KCfil '3~16(016(':\ 

~~-~-~ a1q~1tt* "<" ffi11 ~~~~.~ ~~ 
~ <l<elttf.1Cfi fiilllCfil arn:nnIT ~ "1"1 Cl '1 +:!I • a1q~1tt* <1<e1ttf.:tCfi S1fa~Z11 

Slf'afti ll I <l<elttf.:tCfi gfufiitt1*1 lttr't"tl' "<" a1q:i:fl~* <1<e1llf.:t* 
oz:mgqr ~ Slfufiittl~'iii 1'$i"1dl6('K ~ 

• 61'!4!'11'1 ifU~<tttl$:Sr¥! 'll1fl~ICi112' ~I 
d1f<Ri'11'1 ~ '(" ~ 
'llfflfiittl{Wll~ ~ <eti"jq>(OI Cf~ 

" ~ ~ 'et11Cfi(Ol+:!I '6llCKf 

• <e ti"I Cfi< 01 ~I~ <e '1f('t a 'i1'1rtT ffi 
~ 61'!4!'11'1 tifid1<ttt1$:Sr¥1 
oiu_LGllC. ~ ~ ~ "<" 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~ 31f<M \jj., eA a:f1J] ~ 
~{I< ill~~* ~ 
ftf1li.fi(Ol(.11~ fl""(jJRvi<1 ~ 
"¢d1TcJ I'! I~~ iii '1 tRTdl <Rt I~ s eA 
~ "¢d1Tc:r ~ a:f1J] "{ 
~ 31f<M111 'ieA a:f1J] ~ ~ 
czmgqr TRt ft~ d <If! I llf.:ti.fi 
ftf1"ji.fi(Ol(.11~ ~ ~ "{ 

flrqfl1a <Fftlllf.:li.fi fl4ii.fi<UI 

~~(ITT~~~) 
mTR,fuc~~ 
~ ~ <lfllllf.:ti.fi 
ftf1')i.fi'(Olf;(ii\ ft~d ~ ~ 
~ 

• ~e.~~1~1 ¥41~ll+1 
~at<Rtl~s err ~1fsil+1 
~i11<Rtl~si.fil c:$<;fi I fi(ii\('11 ~ 
~ mfr l~~1Cl4eA iill~<Cl41C! 
Wf t'l~ll'd~ "(" <i1qe:1tli.fi 
<lfllllf.:li.fi gfufiitlleA 31Clt'll<011 

~~ 

• ¥41 ft;ft ll +1 i.filiifl~a err <l1a1~il+1 
#1'1~a<.>t1~ aa1:J~1 ~ <lftlllf.:ti.fi 
gfuffill I ~ ~ 'ffi"q' ~ 
<lfllll~i.fi Slfu~llleA 31"~~m:a11 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

~qR 

• ~ ~ a1q~1l4* < ~ 
~ ffi"q" ~ <l~ll4f.:ttf) 
Si~fi>l41 ~ '3~1iHOI ~ 11t 
~~qA-1 

<t~. 4l4i~6(ii\ <t~ 4l4i~6<61 • 61$4!'11'1, d1f.ffi'11'1 < '1i$cfl'11'1 • ., ~ Silll41~11ii11+'tl 51~ l\il"'I, ' <t~.<t 61$~l\il'1, d1f.Ri'11'1 < 4ljj~tf)I~~~ '11 '$?I \ii '1 "('l"qf d1 f.R1 \ii '1 TIITTf 
'11 ~ cfl '11 '1 TIITTf ~ ~ 3{Rl'f 1RTif wt ~ 311Cil~l44' iji+14'16<61 
., ~ i.'1411'3~ ij(q)t1'1 1Tfr ~ ~ - Silll41~11ii11+'tl 

- ~(~a~ • Silll41~11ii11+'tl 61~~1'11'1 TIITTf ~ d1Cil<.1ltf)'1 ~ 

<Fellllf.:ttf)) ~ 311'Hlltf) ~l+'t4fl6<61r.iil • Sitt'l•l~llii'tl+'tl "'ll~cfl\il"'I, 
\jqlfln1a1 d1Cil<.1ltf)'1 mrt ~wt i.'1411'3~ 61,~"I \ii '1 aqf d1f.ffi \ii '1 TIITTf -

<t ~. ~ d1T'1tT'1' "('1'"6" 
< TIITTf fi:t+"tfu1r¥1 ~ aqf ~ \il'fua ~ +'t 4fl 6<61 

- ~ 
ijlqf.114'~1"{ m 11iT 61$41\11'1 ~ ~ m "r.iil"rf < 

- ~ 
'fllfu ~ ~ ~ 4ljfijr.iil ij+qfrtm (i'ell4f.:t4> 
-qfr~ ~ I ~ O"l4'R ~ Si~fi>llir.iil <e4!tf)(OI ~ 

- ~ "~ ., 
Wfltf)(UI 

4lll~tf)I ~ 31Cl<.1ltf)'1 ~ 
- mrt <l~lljf.:tq; ~ (lijllif'1tf) 61,~'i\11'1, '11~cfl\11'1 < 

~4)tf)(Oliill(! ~ 31'm • - <e'1l4)(01~~('1 &JTW ~ 31~\11'1tf)I •1016 <61r.iil qii1"'1'T 
Iii ttl•Prnii't I +'t I 31 f.R1 \ii '1 "('l"qf • ~ 
'11,cfl\11'1 TlfIB ~ 311C4~ljtf) 61,~'i\11'1, '1i~cfl\11'1 < • 
ij I +1 fl r.iil 31Cil<.1ltf)'1 mrt ~ 31f.ffi\11'1tf)I ~ (~ < 
wt i.'1411'3~ '(" TlfIB f'1+1fu1r¥1 <l~lllf.:14>) ~ ~ 
~ (~ VllTlr ~ '(" 61,~l\il'1, '1i~cfl\il'1 < 
a1q~'11) aqf ~ICIU14'1~1~ quf;; • 

31~\11'1tf)I :aql4ln1a16~ ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi'1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

1lfT di~ \ii "1 Tlfhf ~ ~ ~ 
~ ~lliijr.6) trtl~ TA~ • aTI'\i1""1" ~ ~ ( ~ 
('fllR ~ U'ljijij)I ~ ~~ 
~ djqajij)"1 ~ '(lijllJf.:tij> • ~ ~ r:i~lf¥'(01€41r! ~ 
~ '(lijllJf.:tij> ijlflij>'(Ulijfu<:1 "' ml dlij'(E\'(I'\ ~"t:ilf¥'(01 ~ 

ClJ1'{9llT TA T[';:f ~I 
• ~ E\l'~-lj--1'11"1, 31~\11'1 ( 

"11~cil\i1"1f¥1 qu1g'(l'lr.6) q(1'1k+lf¥ 

'ill'Ti <'flTR wt (1~11\3 ~' ~ wt 
(1~11:a~ < W'!q:)('i TA 

• E\l~~\11"1, "11~cil\i1"1 ( 31fife\i1'1f¥1 
\,3q41f11dlfl'(l'I ~ ~ 
J5I OlJ 1~ ll m+nft qr ff'! ?I ij fu a r.6) 

r¥1:i~'i:i ~ml \,3q41f11<:11E\'(l'I 
ClJ1'{9llT ~ 

• ~~~,~~ 
( ~" ij Ail "1+iT W'1 q:){"t ~ 

• ~ ~ @;ia1r.6) \3~1fl'(ill ~ 
~ ~ &l~lij)'(ill ( ~ 

1{lTfiir ~ ( ctldlCl'<lll+ll ~ 
31 ij '<~I~ ClJ1'{9llT ~ I 

9~.m-q ( 9 \9. 9 m-q ( an:lR! • m-q ( ~ ~ ~101t1'(1'1r.6) • m-q ( aMlqPi!T:t ~ "T'T v. 
ararq - mm "T"T 31ct<.1lf¥"1 ~ ( qfu+-11"1 wt o~ '<lijlllf.:t* 1l'°T*T 311a1<+11 

- iji+li~ '(lijllJf.:tij> "T'T (1~11\3~ f\i"1dlE\'(l'I ~ ~ 

• m-q ( dlC1 I qr.6) dlf.ffi \i1 '1, qr;fr ( • m-q < aw1g:r.6) dlf.Rl\i1'1~~1 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

<J.c;.' 'lll(~ll~* "{ • !'.4>1111"1*1 ~ (¥ll~~~M- • i)!Cfii~C! '<" 6i<fl406effl ~ 
at'lll(~ll~* 4.,l~l!'.4>6(r>I ~ \3~16(01 ~. ~ amm+11 ~ ~ 

- ~ ((~~c:q1- i)!Cfii~C!, 61'~+1.-:s, ~~11\3"1 ~ 

- 'lll(~ll~* "{ ~ (fullerene), ~ • !'.4>1111"1!'.4>1 ~ "{ <l~l~f.:t* 
at'lll(~ll~* (graphene), "Cll<effl~, +nm ~~~ 
4.,l~li'.4>6~fcit:q ~ ~ \3~16(01 ~) Clffi1ilIT <R ~" 'lll(~ll~* • 111 ICI "1 +I I 

~ \Jf!C1"1+11 ff.AT, ff, "*10 ~ ~ ~~11'.4>!'.4>1 ";,~ - • \34l:l11 <111'.4>1 

'lll(~ll~* 4.,.1~1!'.4>!'.4>1 ~~~i'.4>1Gl"1!'.4>1 \7.lGl6<016~ ~ lfi:f 
";,~ ~ «l<:i6~ ('11"iC111t~ '<:1'~ ~I \34l:lli<:116~ 

Ci"1~fa, Cii':i+IO\S~, ~ 
~) iITT+rr ai'1 Cfi ~ lf.f 

• i)!Cfil~C! "{ '61~+1 .. :Seffl +I fb 1-.ntt 

*1111"1*1 4<+1101*1 ~ 
~ m ~ lift lfl' ~ 
((~~C:46(r>lfcit"CI ~ ~c:t:_41\3"1 
~~11\3~ 

• !'.4>1111"1!'.4>1 ~ ~ "{ 
<1~1~f.:t* TT (~TT, 
~(~ ij Tl) ~ Clffi1ilIT <R 

• ~ amm+IT \Jf!C16~CllC! ~ 
~ 4"1~11'.4>6~ 'lll(~ll~* 
(organic)'<"~ ~~<:1SllC! ~ 
31'lll(~ll~i'.4> (inorganic) ~ 
~ ~ ~ \3~16(01~fiH1 
~qR 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

fctiC::"11~1Cf> fcttill~ii(E'til ~ 31'11''-li?t ~tr q~'ql"1 wt 
~ ~ 3lfucl; 'A l4~ ~I r$I • 'Al(lll~Cf> ~ frl+ifUICf>I ~Rl?tl+il ~ 
31 ~(ii(E\ ~ 'q11'IJT err ~ 311~1"1CA~111 • (i~lllf'rlct> ~ ~ r..t>e::111~ct> 

- <l~lllf.:tct> ~ < ~~~'~< ~El I~ r$I +rn"t'Cf ~ ~ 
fcti C::"1 I~ Cf> awnfl ii (E\ r¥I '"hl~~i6(ii' ~ qR • (i~lllf'rtct> ~ ~ r..t>c::111~ct> 
~ ft4 Cf>~ 6(ii' • ~lJ"lftlT~~ ~El I ~6(ii'r$1 3lfuci; 'A l4 '1 ~ I Cf> I 

<1~14fr1ct> ~ ~ r..t>e::111~ct> 3lW ~ ~ ~Cf>~ii(ii\ 
filt'H~ii(ii\ ~ err '3~iiiDlii(E' ~Rl'U+il ~~ ~ 
~ ~ <l~lllf.:tct> ~ < ~ mlRfT +[~i(qi"1 m I 
r..t>c::111~1ct> filtt1~qij ~ ~ 

• ~ <l~lllf.:ttf' ~ < fct>C::'11~1tf' 
allE1u1r¥1 fctct>~+il ~ ~ 
~ ~ < ff.tic::"11~1ct> allttu1ril 
1Pft1T wt ~ ~ llft 
'A~~~'1 Q1ITT" TA l'Ml'3'°1 

• <1~14fr1ct> ~ ('11~;tl\11'1, 
.., .., f. ~ '"hflhl<~, "ilC::I .ell+i ~ ) 

~ '(qi{'1 '1 llft ~ 'CfTtfliTI 
f:!>t1 flt I t1 <1 I ~ llft 1'Tir+iT 
~~I '3 ;p¥l lf6T'Cf ClJ1W 1R 

• <1~14fr1ct> ~ < fct>2:"11~tf' 
fc:I El I ~ii(ii'til 3lfuci; 'A l4 '1 ~ I if' I 
3j~(ii(ii\ril ~ ~ ~ ~ 
~1 'A~(;IC('~"I wt {'1~11\3~ I 

'ifRff ifil lf'til Del ,,0 



~~ ~ ~ .. q."1 fU1'iT1' eglifti¥i(Oli¥11 ij+\41~<1 +{~ l'(..,'1i¥11 ~ 1'iTtt 
fiillli¥1~1q~ fcfftl~ QO'ZT 

~ #11f;t4) t ~#tlf;t4) t9 ~ifilf;t4) 31¥1'f.l1'14)1 • ~ -qf.f 3TfA ~ '1 i.A '1 fa Ill I tot It ~ • ~~1~11~4) ~ 

~ ~ ~ 'CfA ~ Gffr ~ ('{fiit" ~ l'il~l4)t'tlq111 ~, 
-~~ ~ ~ ~ ~ 4)1<4)4') ~, 3flf'-«; ~ < 

(independent variable) ~ ~ ~ ~ ('{~ 3'fi=lT f;t ~f.-:t d ~ ~ 

- 3flf'-«i ~ (dependent 4)1<4)6~totlt f;t~?.tOI ~ ~ ~ 

variable) ~ • ~'<"~ 
- f.Mf.-:t d ~ (control • '3~16<0l'e~d ~ ~' 3flf'-«; ~ ~~~' 

variable) < f;t~f.-:ta ~ ar~ ~ < ~ ({4)1'!'11 

- ~ f.:t~?.4014') ~ Rttfl6~4'l q~"'ll'1 <r-t ~*1-art ~~ 

9.~~<~ • ~ 4#11f.1* qft~ arcnmo11 ({4)1~6~ 'tfffi Ci1~11'3'1 

~ ITT (Conceptmap) ~ ~ (ftif ~ 

-~ < 'd~l6<016~ aITl- "'1<6~4'l ~ ~ qR • C{4)l~6~c.ti"1 

-~ Q)4)1~+il ~ • ~$llf;t4) ~ ~ ~~"1~1111 ~ f?.iit<H"lo1«1uc: 

~ ~~T.Qltil qf<qd'1 11ftrt" < " ~ 
~ ({4)1'!6~ 

<e+.tl4)<0I I C{4)~qa1 

- 'e4f'l4)<(Ujq;) C{4)1~~id ~ q ~ q d'1 <A 3flf'-«; ~ +rT'1'lIT '<"~~<r-t 

f'i.iittil"loi ~ qf<qd'14'l ~ 11ftrt" '<" ~I 

311C!!t~4) ~ f.14)1~"' ~ 
'd~l6<0l'e~d ~ 

• 3ffA~'14'l ~ ~ ~ <" 
3flf'-«; ~ lIT'1" lfTC1rf 11ftrt" < 
m~~~~~ 

• ~~~~4)1<4)1~~ 
~ltll~~~ < ~ C{4)1~4'l ~ 



~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

a~ 'dGieHOI ~ ~ ~ iA(41'3"1 
(1~11'3~ 

• ~ Q)i'.fil~+il fl1m ~ 
Q)i'.fil~6~$1 qfu:ql"1 1fif ~i'.fil'drt 

• 4*11f.:li'.fi liM4"1iilic f.:lllC'.f>ISfi'.fi1 ~ 
~~~~~~ 

c-. ~ 

• ~~a~ fa1':>1e;~rtl 
4~fi'11"1iilic 'dN~ ~4f'li'.fi(Oj6~rtl 
Q)iifi~q a 1 ~ +11 ~rn 1 t¥I Q)i'.fil~6~rtl 
fc411~~01ii112 'aj'iij" 1fif ~ ~ 
~ 'aj'iij" ~ ~ ~ ~I 
1fif (1~11'3~ (~ v2= u2+2as 't¥I" 
~ fc41!~tt0 1 'RT m2s-2 =m2s-2+ 
m2s-2 ~, ~ 'lll" ~4fli'.fi(Oi+il 
Q)iifi~qa1a"{'lll"~~1) 

~ ~. ~ iif1q6~ ~. ~ 111->iei6~rtl q~ffiifi(Oj • qfT.J ~ ~~ iiflq6~rtl • q"1~fa~"<"~ ~ 
~ 't¥I" q /ff iifi(OI (qf:q- "'111'Rf q ~ffiifi(Oj r¥I 'i'1<1 G{Ri ~ '11 ~I q:rA q ~ff iifi(OI t¥I 

~~) • q"1~fui'.fil "14:!)"116~ (6~~4+1, ~~~ 
~.~ i'.1'1~fu 11PIC(iA ~~q+i ~~il'1 qr f"'l(1~1a) • f.:rmfta lf'l I 'S(1 +i I 

q~ffiifi(OI atei~li'.fi'1 ~ q"1~fa '11~1C(*I ~' ~ fufq'1j'1 
(~111'1~+:+ii'.fil ~~111a1 ~fli111'1 "i'.fiT fc4~1~a16~ ~ 1fif "<"~~!ffOTm 
"<" '3Gi6(016~) ('l~ll'd~, '3)(1Cf'l(1 ~ lf;f~m~ 

-~ fufq 111 '1 • ~ ~~ at"*1~iaiifi1 '3Gi6(Ui6(ii\ ~ 

~an~~*1 q ~i~ Ai t¥I ~~ei1e:~ err f-€1~6~ err~ ~ 



~~ ~ rc-111qq~ ~ ijij\iftifi(Ulifil ij+tilrc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~1q~ ~~~ t.fOCr 

q/fiq;<o1, ~!flt\lau::<"' < 31qt'1"'1*'1 ~ ~ q•[6<6\q)I • ~' ~Sll(*'1 < 
'3~rn<016(& Pst~lt\1<116<"1 ~ 1T<f (1•11'3~, '1 I +U(*'1~~<1 

';(.';(~\il~I~ Cll~fiqi(OI Ql1q'l(1 1A" < ~ 1T<f t't~ll'd~ Cll~'ffqi(OI 1T'<f ~ 
(q:; I ~t't +I~ +q q;1 • ~ fji~lq)('tlq+11"6<1 q'1~fa • '1flCll6<"1r¥1 
~~'1<116<"1 < \l1•1i:'(¢'1 q•'ffqi(Ol('tl~ q-q ~ tfA q•'ffqi(Ol'Ef•I 
'3~16(016(&) • Cll'1~~ \il~l((¢'1 Cll•'ffqi(Olr$1 T.ITi 'li +I fil q; I ij cffl 

- ijiijl:Jil~t't+I '+lfl~C:lcffl ~ 1T<f ~ q)!ITT+JT ~ 1T<f ij ~ "f.ICfil 6'fftm 
~lij~+qq)I q•'ffqi(OI, t't•ll'd~ ~~~ 
~!flrrn16<"' < • f}sj(ic@(PS' ij(*t1'1 lffi 5ciff<~+1 f'1 iii~ tRT&lllT ~ 
'3~16(016(& ~ ~ 1T<f (1•11'3~ • ~effqfy q)!ITT+JT ~ 

~.~ '1flq5(PS'r$1 Cll•'ffqi(Ol'Ef•I • ~~ q1~q1t'1'I gifl•l~llt'tl+U ~ ~~lq)('tjqJ11 

'li+1~*1~r¥1 ~ ~ \l1<'@<"1r¥l '1'j'116<"' (musium ~ ~61ll~l<11r¥1 

specimen) 31Cllt'1l*'1 ~ < +(~1(*'1 ~ 
Fa<fi6<"'r¥1 m ~ ~ ~ • ~~~~ 
"tM6<"1r¥1 'Tilr < ~~ ~ 6~~~+1r¥1 31qt'1")1*'1 < 
t't•ll'd~ tRT&lllT ~ 

• ~~~~lffi • ~~~ 
~ c&te~ll ~ 1FitTr lffi ~ g l(I ~ ii t"I * CfiTlf 
'S1•1i:'(*I ~ ij+jJicffl ~~ < 31Clt'1l*'1 < ~~1~'1@1 
\31%16(016(& W'll:Jit't ~ ~I 

• ~ "11!'11 \l1 <'@(PS'qil ~~")I 'I <'1I6<61 
31Cl~q)'1q)I amm111 ~ 'S1•1((¢'1 
Cll•'ffqi(OI 1T'<f ~q)l\3~ < g~q;r$1 
~~ < '3~16(016<"' W'll:Ji~ 1R" 

• ~ l;IJ~lq.;1 Cl•fiqi(OI ~ ~ 



~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

1fif wnl CfilffilIT ~ t'1 ~ I I \3 t:\ 

• ') ~ '11ICl~~-1 q ~ff r.J>(Cj r.J>i am:m+11 
~let~~~ li!r.J>l~hfl+ir.J>I arITTrr 
W't'ht"I ~ {fqf '*ict~~~ 
ct~ffr.J><a14'~1 ii+ifclr.J>I~~ ~ 
~~ 

• ') ~ '111'4~~-1 q~ffr.J>(Claj'~j ii+ili!r.J>i~r.6'1 
~~~ CiITT+rr ~ ~ i.'1~11\3~ 

~.~ l '11~ q '1 'i'Hfi • JSIOQ';Ot4 ~ ~ ~ ~ • ~ ') '111 Cl '1'€1 iii.f'I '( 

~ ~ ') - '111 q '1 :q 'lfl ~IC4'1'qiir.6'1 ~ 31'H~l~{&r.6'1 :q (a I ~ {PS' r¥I O!:ITT9ltT 1rf 
-~ \34ll.,l~ldl 31ct«ir.J>'1 ~ I ~ dlraH+ii ~ 

~ '11')1Cl'1'€1iir.J>I ~ • '+i1'lCf '11')1 Cl '1 +i I ~ 
31ctf""ll~~*' CiITT+rr Qt"l'ht"I TA' ... ~ '3'F~i-ldl ~Al'f.lln" 

• flfq Q)~ fitfufSI I l mfr ~ ~ ~~Q)r.J>I ~ '4fr~ 
') ~ '+i1'lCf '111Cl'1+il "' 'hi~C::lii~r.J>I 1ITT 

CiITT+rr ~ W't'ht"I ~J • ~~ fSl'11Q)r.J>I 
fu~~~TA' '1'!'11r¥1 3lct~'ir.J>1 r 

• ~ r '+i1'lCf '11')1 Cl '1 +i I ~ trtT~ 1ITT 
\34ll'i~ldlr.J>i CiITT+rr ~ ~ • CfilffilIT ~~ 
t"l~li'd~ smffet r¥I +r~ l(Cf5'1 

• ~~~fl41t'1'1 f, ., 
~nQ)ctil 1ITT 

m ~ amTI"<llT +nfr ~ r 
~ '34ll~~ldir.J>i CiITT+rr ~ 
i:lfa~c::o:i "d'1lR 1fif t'1~11:a~ r ~ 
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~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

-~ .. 6~~ m 'ltl"'1+11'111+i*1 ~™"co~ wt • ~ .. 6~~ Sl4141Cf)I mf1r 
~~II Olii +i ~+:ill ?CfT wrrt~~~M 4'<1'3*1 ~~ 
qfr~ mf1r 4'<1'3r¥1 f.f+i'tor wt ~ 4 11 \3 '"I *'<a1e:(ii\ m wt 
~ ~ Cf)l(Ojf:l(ii\ • d11+il'1illl ( <OO<l~fltf)I ~ ~ ~ 
-~~~~~: ~ ~ fq;-;,? ~ Sl~'16(ii' ~ • ~~(~~ 
~ ~ \3Gl6'(016(ii\ r.i~llOjii+ir.61 ~ +i~~ ~ ~ ( \3Gl6<01f:l(i' 
-~ .. 6~r¥1 ~ ~ ~~ 

... ... Fc ~ 
(+11.,lf:ll~ ri'5 ii~~41 • i!.-6~Cf)I Sl4l41Cf)I "ill'Rlfr Ql.'t'h~ • i;;l+il~l~41~ ( 
~ +:ill f.:w '+i"f.f) 1Rl\R i!.-61.'t~I~ r.i~llOJii+iif)I ft1'fm ~zij~1~41~ ') *' '111Glf:l(i' I 

"·" \il'"lf'lif) ~ (ii\'q+fT qf(f~a ~ ( ~ .. 6~<.Vl \3Glf:l'(U1~~('1 ~ 
-\Jl'"lf'ltf) SIP:lfur.6) ~ S14l41Cf)I mf1r 4i<i'3c.bl ~ ~ ~~ 
-~~ Cf)l(Olf:l(i' cruR wt ~411\3'"1 ' ' ~ ~ • +11'11f:ll~ ri6 ijfi~~41 
~qfr~~ • ~ err f+:t i4 e: (i'r.i) lITT4 +i ill I c ~ ~+:Cllf.:w ij .. ;g~Cf)I 

-q (+q (141 d (ii\'q+fT ~(~~~Pd 3WFIT f.:1 lj +i e: (ii\ &JTI9llT wt 
SI :q ft1 a "3'TRf fcira ~!ITT"Cf)T m14.,I s (ii'r.i) ~ ~ ~ 
~(selective ~ djq~"'ltf)'1 lJtr ~ ~ ~ • q <+4 <141 a (ii\'q+fT 
breeding) 'Cf)T f~ftHi(ii' 4101e:(ii\r¥1 ~ ~ ~411\3~ Sl4141+il ~ 
-~~(Cross- ~ .,., 

selective breeding 'Cf)T • +i~dGllC! 51+11~1~41~ ( 
breeding) 'r¥I' ~' ~zij~1~41~ \Jfl GI !:\(ii\q)) ~ ~ fc!~ f:l(ii\ il'"l ~ 
\3GliHU16(i', ~ ~ 1.'1411\3'"1 • q <+4 <141 a (ii\'q+fT 
~CO I ~1%1 f:l(ii\ T.fTi err f+1~41 r.61 ~ lJtr ., ~ • Sll4141+il 

-~ 1T'lff.IM (in vitro i!r61.'tc.b'I +?1'1161~~6 ii~~41 selective breeding ( 
fertilization and ~+:ill~ f.:lll+Hi(ii\ ~ Ql.'t'h~ ~~'Cf)T~( 
artificial insemination) 1RTi +11'1lf:ll~Pil6 ~ T.fTi ~ ~'hl'!Gl6(ii' cruR wt 
'r¥I' ~ wrrt ~.,lC!l~~Cf) ( ~.,lC!l~~Cf) ~ 



~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

3t 'iq I <1 r.tii iifR+rr W1 Cfl (1 ~ ~ • i!ii:S'11<11"11 ~ lf;:f 
~ '['l iji!i\lflr.ti<DI 1Ff" ~ ~ 'ilf.l~Clil 

• ~ ~ ~ crr ~ ct«j;s'(ii\ ~{'11{'1411ll<'lr.til g~'16'(6\ 

lJ'll)1r l1iT ij r:S (1 Cli1 '1~ '1~ ~ij ~ji :S mm: 
iiij441 ~ ~ ~ ~ • IVF (Invitro 
~ lf;:f {'1411\3~ Fertilization)/ AI 

• ~ ~ TrtT ~~~* Sl~WrM (artificial 
insemination) 'Cli1' '3Gii!i(Ojg'(ii\ ~ ~ Jl~~r.ti 

gfilfW# ~AA iji"li~~~ 

• ~ ~C:'11s'(ii\ r ~Tfls'(ii\Clil ~ 

dt'lij 'f.fR" 'llfii ll I i!i'(ii\Clil 13 Gii!i<Dli!i'(ii\ • qi"lffilrr ~~ 
SI «fa Cli1 'i~ i(qi'1 ~~DNA-qi{~~~ 

{'1411\3~ r ~ 3tjij•tH'1+ii DNA m 
~~ 'i}f~r.tiiiili~ ~ 'J;i:"tlfli:"t 

TRrt ~ '['l ~ 1A" 
. m ~ ~ ~ l1iT breeding 
~ q~f€1<1 ~ selective breeding 
q;r ~ 'J;{'1Cfl{'1 1A" 

. mcrr~~llft~ 
~ '3Gl6<Die:'(ii\ 'J;{'1Cfl('1 lRft 
in vitro fertilization "{ artificial 
insemination iji+ii~ ~ r 
~~~qR 

. m err~~ TRrt qr 
~ 
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~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

r f,:M~Ol4)1 13qjlj{\C(ii' • ~ ~ 1f;it;l;i.j)) ~ ~ qr ~WR~~ 
Y,.. ~ ~~ll~ld 31~•H"t1t'li.i>l ~ m ~1~*4li.i>l ~~:si.i>l ~~~ 
-~.~, 'a6lf)41+il ~Cilll!ff6C(ii'i./)l rcRf ~ f.:1£1~014)1 13q1J:46C(ii' 

~~ 13qjljt'_\C(ii\ ~ q~'611"1 mt ~ ifRm ~ ~~ 
~ fcl'ftl Qi1 qi i'1 lfof t'j 411 \3 ~ • 'q;&lllrr ~~ 
( cffe;il <fiiU '61, G1 I ~ q I <a • ~qr~ ~6ll141+il rcl(f 'Hqfu i./)l '"!. \Vl4 l(Cf5"1 

~) <a+r~i.i>l ~ Qt'llfit'I ~ ~ -m 
tfFf m~ awAt q;~ m~6C(ii'i.i>l • ~~ 'q;&lllrr ~ 
rcl(f ~ 'i~ i.j)) ~ "d"ll'R lfof ~ ~ ~l4i*t11q+u 
'q;&lllrr ~ t'1411\3~ ~~ 

• ~qr~~mt~ +r~1&;.Cf5"1 -m 
~ ~ rcKr ~'*'I I t'l "1 ff>"llT • ~~ "d"ll'R ~ 
C£ITI9lIT lfot t'l 411 >a~ m~ q~411ii1"11 q;fl.f r 

" ~ 311'=1!tl44)dl~ 'at'.\'1114)(01 ~l(Hni:+i* ~ 
• ~ ~r~~q"fr&l'Uf ~*.,1*"1 r t>1~1"1'1~1 
~ ~ ~ 1f<ii awAt -m 
fci!Cilll!ff(Wtl~ ~ ~ ~ ~ • ~~ "d"ll'R 61"11~4)1 
~ ~ ~ q"fr&l'Uf mt T.ITilrr ~ ~ "<" fi:t~s<"'i.i>l 
~"'t~~d lfof t'1411'3~ q"fr&l'Uf 1"f«" I 

• ~ ~~1ai1i! >aqt'tiitl ~ m 
~err q+41i!i.i>l ~mt 
~:s~<a<, ~ WR "(" ~ l{~:si.i>l 
mf.U(Oj ~ ~ t'j411\3~ ~ 
~ fll'1"16C(ii'r.N ~ ~ ~ 
31 ~ (gC(ii'i./)l ClITT9l:lT lfof ~ 
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~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

qfi;=cj I '1 ( w:fTlT (~, 31 ct t'1 kl '1 1fTf" ( 1Rra"1" \ll ffi I Vi; a ~ 111 '1 I ct (t\(6:$1 ~~ 

f£1\i~+11fl, ~' 1Pff, • ~~~q(+"''FWia ~ ('j~ij;it\<6 ~ 
., gftfl" ':AlfHl+ii ~ 11tilillti'l6' 1f<t~ tllsi!I ,a q1a1, 

arwT, f.r+r, ~I ~fqkl I (~I f£1'3~+ilfl, ~I 1Pff, • q (PHI ~ I a (ii\q'lIT 

~) tllsi!I~, fafiq18i, arwT, f.r+r, ., ~ \Al°.41~i+ii 

lU~fqkllt'liii~a*i ~ 111 ii ill el (b:ij; I ifRm 
\il~i€le:'l6'l ~ mr fu.,"rn'l6'4il g11:.,'1tt< 

+Hrtiliili~ Qt'l"hl.'I ~ ( aifi>tij;i m1 
arrrrt q;~ ~ t'jiil\3;i, 
311Clll:~ij;(11~ R1.,"h;(6:$1 w:fTlT 
1fTf" ( ~ 1fTf" ~l~ife:a ~I 

~ \9. ~( '19.<t q'<lfilliij;~Oj ~ • q'<'('ctlij;tio1 !Sl(l1~kl"ffr Qt'14"1(11 • q'<'('ct I ij;tio1 ~kl otft cio 
mnrr ~ -~ ~ ~~( 

-~ • i!<(lfilliij;liOi~kl"ffr rl!i!'1i'.fil ~ q<(l('ctlij;'101 iilt'l~kl?tft 

~ " - ~iiuial~ ~ ~' \A+iifbia m ~ ~ ~1f01a"1tl ~ 

\9. ~ q<(lfill!Sjt'j • i!<(lfilliij;tiOl~kl<tfr ~ ijfbia.,lil ~ 1fTf" ~ 

- q<>filliil(i1 ( ~ ~ ~ 1fTf" ~ij;i\i;i • q<>filliilt'I ( ~ 

-~m • 1'<'('C4G1(11$1 ~AA qfi'Jlltiii mm-, W=mg 

-~.~(~ • ~~q~1u1S11AA ~ ~ 'l+iifbi<i 1fTf" 

~~ • ~~~~(~ er~ ~ w:fTlT 1fTf" 

- 1<'('ctl]~ii ( ~ ~ qo1'14"l(l1 fmr ~ ~ ~ 

dtUC41~4il ~ ~ 'l+i1f01a ~ • Jt+ii(i1+1i ~ ~ 

~ m ~ ~ae:ai1i! ~~~~ 
'19.~~~ • "' 
-~ cJi"l~Aii'.fil ~ ~ ~ ~~~~ 

• ~~m~ 
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~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

-~ '3~1t\(01 AA ~ \Wf~1q ~ 1Ff 
.., f1 - ;aqzi11a1 • ::at4T.11q ~-A-, ~ 1Ff ~ 

(1~11;a~, qfhii'41 AA, ~ • a11f¥~F\s'iteti'I ~ 
::ae<i~eti'I ~ ~, m ~ ~ ~,~1Ff 
Titfu~~~~ ~ 

• dtl~~F\s'i1*1 ~ ~ ~ • atlf¥~f\sli!eti'I ~ 
~~-A- 1Ilim ~ ~16'11+il 

• Cffi! ~ ~ ~ m atC1~1(11~ 1Ilim ~l~({eti'I ~ ~ 
at1f¥~F\s'i1*1 ~&1ra4~1 ~ ~mwit~ 
W'!'h('I ~ ~~~? 

• Cffi! ~ ~ m, ~ ~, ~~~ 

~ Cffi! ~ ~ 
§~ (1 ~I Ill d ef)I f1I> ll I ef)('l I q 6 (e'+i I 

at1f¥~f\s'11*1 ~&1ra*1 ~ 1Ff 
(1~11'3~ 

• ~ol!IT~~~ 
'3t4T.11qr:6) ~ \JflC1'1+il ~ 
;aqzi"'l~l~~<tf g;('l'h('I ~ I 

~."dl'f ~ ~. "dl'f ~ ~ ~ 1Jfu 1t1f<Rt*1 m~, a1qiJtl+i • • 90 
~.9 m ~, d1qiJtl+1 ~ zi1~1(11t m ~, ~ 1Jfu ~~~ 

~~ 1t1fckieti'I '\""ll~q)(i!lt dlqiJtl+i ~ ~ 

~. ~ "dl'f ~ ~ 3f11«fti a1qiJtl+ieti'I f'i;;:rn1*1 ~ ~ • "dl'f illt&lld~I ~ 
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~/\Sl~'11+1.,lr¥1 '$l1f ~ ('11(1fct~ m 
~rR ~ ~ q I '1f;4 'qc:() ~ 

• '11 (iifqaqCL m ~ <" "' 'irc. '#!CL ~l+il'""l~ 
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- flf~, l~, ~ "{ 'j/HI cffel 1lt f.ntfuT ~I~ ~Cf>I Gl"d'T'd"f ~ 
;qa 1 cA \3 q ql 1l 1<"11 51~~i'.Pl4'1Cfil '11_"115(6 'iifT 31101fi!Cfi • 31~51.'1C4'il ~ 

1c;.~ dl~61.'1 ~ ~ 1Pft1T llft ~ ~~ 
- ~ 51~~i'.Pl4'1 310]5(6+il ~-i'.Pl4'1Pil"'I • flfm, im, 
- Functional group ~~~<'1~'1~~. ~1.11~ct?li1 < 

(~dl<R'tl~'S) ~~~~~~~<'1~'1 fl1.1f1(11.1ct?I ~ < 
31 ~ 51.'1 Sl"Cfi"R "{ ~~lfl ~"{~~~~ 'fl - '13qltlldl ~ 

~ ~<'1~1 m~~1fl ~ llft ~ ~I \3 ~15<01 
(~dl<R'tl~:Sct?I ~ ~C!l41'd'1 l.'1~11\3~ I 

ij(€l41Cfil ~ l{l?I") jb.,"15(61.11~ ~ ~. ~ < 
- flfm, ,m, 31~1~'1 ~l~~Cfil6if'1i'.PI ~ fq'11\3rt 
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cqqflqlq'1 fl~ Cf>I 6(i'Cf>i '('I +iii <ti +1 I Wit 'h ('1 1A° 

- ~I fum, ~<lfliliffi, • ~1~qG1~ 1il"lftlT ~ "ij-~flCf> 
li11fkCj)I ~I <'('llll'16(i\ (~, ~11:'1ii41c 

"1l4 I F3 '1 +1 I lffeeat~~"i!'('I, 'h(1 ~(1 



~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

(jijjqf.:lq; ~, ~' q ij>i 'd '1 +i I Of41~4+i q;1a:ih1:s, ~ 
~C!<lilrc ~ Clf"'ll'd'1 lJlftlT ~ ~ (iji4'1tl(r'I "(" 
(jijjqf.:lq> i:i«J:ii'llC! ~ ~) q,1-~ ~ P-1 '1'1 tl'(C'ij)j 

~"("~ ~ \Ml4iij>i t:if.iij>i(ij> 3tij(tl'(C' 

Cllct~iq'1 >51 Cll ({ISll ij I +i «! ij ff; (1 Cl:flW ~ 
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~. lfTClif TR (Measuring): 'd'Pi'k1 +HY'1('.f)I ~ "{ 'Af.ill1ie:(ii'*' ~ TrtT lfTClif TR, qfITT ~ 
+uq'1*1 ~'1t:'(ii\ (<ffi;r "lf?.f, m, ~ m, ~) ~ ~ TrtT qfITT ~ ~ 
<Hqe:'(ii\*' lfTClif TR ~ trn 'llfi>Z11+i1 m 1 lfr'1'131'""<14h1 ~ "{ q;i;:R141a ~ 

C!>*l~~~a ~tWIC!iir¥1 lfTClif TR, i'.l)+Llic< ~'i'l._c~ll<i¥1 ~ ~ ~. 1J'('qi, m ~ TR 
~ m ~I 'dGlel'(Olefll ~ ~ ~ TrtT eoCllt'1*' ~. ~ "{ ~ ~ 
m1 

¥. ~ r.=iqi1\4 (Inferring): dji~("l"'jqii'j 41i'<C(etil ~ ~ €12'115'll'*' &41€lllClll2 ~ r.=iefllii"1 

~I ~ dlilt('lli'.1)'1 ~ ~ q ~ r.=ii'.l)iii"1 ~ ~ : ~'<iilll*' ~ 
di I q ~ llefl ~ tfl"fr, ~' trcPrn, <f['q', 3ffifffi mq;y ~ ~ ~ ~ ~ "{ 
'd4t'1*'f ~ ~ m ~ f.:iefllii"1 ~I 

~. ~f.JllSllqlofl TR (Predicting): ~ ~' ~, dli!('llefl'1 "{ f.1tii.p~i'.l)I amll(+il ~ 

q~a11+i*' ~ TR~ ~ 11f.illSllq1ofl m 1 11f.illSllci1ofl TT1 dl'!+i'R TT1 ~ ij'"{ rc.~q1~ TT1 
m I TR"Rf ClITT9ll1 ~ ~""1'11el'(ii\ (fqf ~ qfITT ~ t<lel'll't'11~ ~ qr;:fq;r ~ ~ 
di"~~~ ClITT9lIT TR~ ~PctlSllci11'nai'i14fa ~ 1 

~. ~ TR (Communicating): ~' 'AG~i'1e:'(ii\, m, m, ~ ~ aITTlrr dj'(ii\{"11~ 
f.il""tl(t\'(ii\, ~' ~-€1'116'(ii\, 1;111'1etilfl6'(ii\ ~ ~ ~ "{ ~ ~ ~~11101 TT1 
~ m I 'dGl6<Ulefll ~ ~ 111IC1'1""1iltli¥1 ~ ~ TRT fu~ (fqr ~ CllfcR-ttill~ 
~ aITT-+iT CZfr€llT TR m 1 

(311') ~ ~ g~cWln ~ 

t ~ ~ (Making model) : ~""ll(el'(ii\, ct~'lE\ ~ E42''115'(ii\*' ~ ~ TR ~ 
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~iljqilj~·' ~iljqilj~~~ 
~ ~~ifi(OI 
<t • 'ITT1ft ( <\. <\ ~ fil i.PI ij cffl 

"ITTlJt ~ ~j(Olj 

• ~ ( ij+j)~lllcffl 
~ 

• ij+U\lli.f)I 

fcl !(i ~et I 6~ 
• ~ ( ij+ii'11cffl 

at i=(1 ( ij kit "ti 

t~ ~ filijijijijil 
""1(016~ 

flitill~n fl('ift<tl(OI ~ 

• ~(~~ 
Y~"16~ 1IZ!Tlr mT ~ -m-, 
~ ~ ( 3Ml"'IY~l"'I -m-
f.iillli.Pt"llq ~ 

• ~ f.il4i ~fl ~i.P+i I ™'14'1 t"I 
ml" ~ CfT (11~4>1 ~ lT't 
(1411\3~ 

0 ~ ( ij4j~l4Pii""I tfi(q) 

0 ~ ., ij +i I \lli.PICl~I~ etl6~ 

0 ~ ( ij+il'11Pii""lc:.ffl 
31 i=(1 ( ij kit a:( 

0 ~ fili.f)lijcffl ~ 

0 ~ fili.f)jijijij fc4!(i~(116~ 

0 ~ ~dl&lll ~'i6cffl ~ 
lT't {Wl411\3~ 

• ~ ~'i6C!11c '{tS6 1fj~UI ~ 
{Wl411\3~ ( 

fu~ atlil~lliji('ll~ 
'{~l".illSIOI ( ~6111')1iji(UI -R 

• ~~,~qr~ 
~ml" ij+il'11cffl ~ 

~mfim '{~1'(41., ~ m 
~ 

f.il4i Y~"'l6~ ~ f.iillli.Pt"l1qq;1 amm+u c; 

~~ 'i~l(Cfi"1 -R 
~. ~~rfiir? 
~. ij+U\114>1 ~ ~ fclitllldl ~dl\31~'( I 

l ~ ( ij +i I '11 Pit ""I*' 31 i=(1 ( ij kit <tr 
~ ~ at'jJ$ ~~l'( I 

"· d q I ~cffl ij +j)~l ll +i I 1fCf tfiT.f tf'i+rr cf> cf> 
q~cid"'l6~ ~ ~? ~ ml" 
~~~I 

Y,.. ~ f.ii41c.p(11q+u ij6li1f11a1, ~f.ii4a1 
~ OICl~liji"'IC!11i! 'i~l(Cfi"1 

~I 

f.il4i Y~"16~ er~ f.iilll*tw11q*1 arr~l<+il 
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• ij+iil!itl'il ~ ( ij kl itl+if l!i1 l"1 Cf>I fl AA C\ • ij+iil!itl'il ~ ~ ~ m ? 
~ • WITTf f}.jCf>jijCf>j 'ij(Oj\!l('i\ ~ . ~ ij+ill!itct>I ~ ~ ~~l~c:tltl(E' 
- a::ici~m:u11 ~f@ ctiil '€1'Ti err ~ ~ ijjrjj\3~l~: 
- '€j(Oi6(E\ (~ '&l'I 'fH'1 lfi:f (1 4 ii \3 rt 0 ~m 

lIT'Rf, • ~ '€1'Ti, ~. ~ err 0 iji+iraci1et m 
~( ~ ~ mT ~ lIT'Rf, 0 oj~ci1tfl m 

":. f ~ < +:fH1frict>l3i'iiji(Cf>I +tl41 '1Cf>I~) ~. m :a~f@a ij+il\Jlti(E'+i~ a41{{11~ 
WITTf ~Cf>jijCf>i 'ij(Oj\!l('i\ ~ m iftr ~1~mci1et err g41fa~1{1 
ij kl itl+if \JI I.., Cf>I fl AA ~ Cf>l(Olijfi:rj ~~l~ I 

• ~ Cf>liAf'rlct> ij+iil!itl'il 
\3t.;:16(01 ~ fd1f')i6(E' ~ 

Tf<'OTlIT ~ ? ~ '3)lVI lfl (1 
mT ~'Pf (1411\3~ 

• '!"'Cl I et ~ ij +i 1111 et I ifl ij +i I \Jl+i~ 
~ foq; ~ ~ ij kl '1:llIT 

~~~~~ 
(1411\3~ I 

C\. ~ 'e"illitct>I 'ilct>I <6(.C\ • ~~mrm ~ ~ 'l~'1tl(E' a~ ~£11Cf>{114Cf>I 

• m ctlncr<o1cr1 q lff Cf>(Ui Cf>I ~~ am11<+i1 ~~ 'it'(41(*i1 TR: 
3ITTl I'( tl (E\ ~ancm oe kl itl+if '3)lVI lfl (1 'i. m cilOct><UICf>I ~ ~ ~l'(tl(E' 
-~ ~ ~ CflJR mT 41~41~1 ~~I 
- wf ~ ~ '&l'I lfl (1 TR ~. lfl{1lfl.,.{1 ~ ~ m "<" 
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