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Abstract 

The purposes of this study were t~ investigate the influence of color psychology 

on low vision people affecting product design and to conclude color psychology applied 

for low vision people. 

The study comprised five points. First point was to study what colors that people 

with low vision could see clearest by ranking. Second point was to study what they liked 

the most colors. Third point was to study what complementary colors that they could see 

the clearest color by ranking. Fourth point was to study how the sample groups felt 

about colors. And fifth point was to study that they could distinguish strength or 

weakness in a color (intensity). The instruments used in data collection were the 

questionnaires and set of stimulated color charts which utilized as stimuli to induce 

answers from respondents in the surveying process. 

The result of this study could conclude several points. First, color psychology 

could apply for males and females at the same level in the life span. Th~c1earest color, 

that sample groups could see, was blue. It depended on light environment (the more 

light, the clearer color) and visual distance. Low vision person, affecting by social 

environment and their vision, preferred different colors. The most color that the sample 

groups preferred was yellow. The study found that genders related with the color 

preference (the most color males liked was yellow but females liked blue color). It 

concluded that males liked brighter colors than females. The clearest complementary 

color that low vision person could see was orange-blue because of their individual 

preference. Based on the findings, red was considered the color of danger sign and 



IV 

power. Yellow was seen as joy, warmth, and lightening. Green-yellow was the color of 

coolness, calmness, tranquil, joy, merriness and delight. Green was safety, relaxation 

and energetic. Green-blue implied stability, prosperity, wealth and authority. Violet-blue 

connoted excitement, charm, and neatness. Violet-red was described as freshness, joy, 

and happiness. White represented concentration and happiness. Black called to mind 

feelings of tediousness, mystery, secret, mournfulness, and sometimes taciturnity. Grey 

was used as a symbol of maturity and weakness. Furthermore the sample groups could 

distinguish intensity of violet-red and white-grey colors. But they could not distinguish 

intensity of red because it was brighter color. The research recommended that the result 

of this study should be taken into consideration in the establishing of appropriate 

product design guideline for low vision person such as ordinary people. 
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• I 'i' r,. 1 ~ II 'I <II II.. ~ II.., ~I ••1 
lJ~:: btJ"llU(;1'e1lJ~::L 'Vl ~ b{;) bUlilU~1tJ (;11 Lfl'e1U11.:11J1.:1lilUmtJ'e1~11J~fl1'W LLfl:: b{;)~1Jn11l"lU"", 
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lilUL{;)tJ~';l1.u~nL;J1 L"'l~1~1.,jij~'Vlfi'W fl ~'tl n11~'e1.:1 L~U'1I'fl.:llilUIJl11J'tl {;)~.:I~n1.,jL ~ 
I ~ 

m1~~1..rCJJ L'W11::~{;)~1lilU(;111J'e1{;)1.3J~1~1~Clf1JlC1'e1.:1~1.~ LLj;]lil';l1~"'l1.:1,rUlilU(;111J'e1{;)iiL"ll~1 

"'l::(;111J'e1{;)~il'Vl'VJn lilU "'l1 nn1~~11';l"'l'1l'e1.:1LL'W'VltJVt~.:I nfltJ1ru 'W'1'ft"llflii'VltJ 1.~Vi1 n1~(;11';l"'l 

fn'ft1 L~n(;111J'fl{;)~LN L1m.l~'e1UlilU(;111J'e1{;)'W CJJ11.'Vl 'W1J~1 ijL~n 1Jl11J'e1 (;)~il'Vl LYltJ.:I 30 % ~';lU 
II I I I I 
cv CI ~ .. CI l,I.Q CJ..:II .4 '1 ... P1 old 

U'e1nuumlJu'W';ln'Vl~'e1.:1LVtULL~.:I , l'Vl~'Vl1.:1'11'e1.:1LL~.:I , LVtU~'e1Llilfl'e1U bVt';l "1fl"1 "lI.:ILlJU'W';ln'Vl(;111J'tl{;) 
~ ~ 

\,j~il'Vl~.:I,ru 

'Vl1.:1~1U~ (;1ii'VltJ1 ~'e1~1~ LtlU~.:ILh Vi1 L~ Ln {;)n111Jl'e11J~U'e1.:1 n1::1J';lUn11'11'e1.:1~.:I L~1~ij 

~'Vlfi'Wflj;]'e1m1~l~n'1l'e1.:1~~mr~1n ~1~11mu~tJU'e111~nr ilitJL"'llil'e1 IJlfl'e1{;)"'lU'W'1~n11~'1I'e1.:1 
, , ~ 

~~'fttJ1~ ~ dju~.:I L~1fl1tJU'e1nVi~~'MtJ1i.~'Vl1.:1~m~t:: LLfl::n'e1L~Ln {;)n11fl';l.:l (;111.~~n'ftru::LVt fi1~ 



• • 
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I 

LtI'W~-:lri'elL~Ln(;l~')'u.Ji~mf'el'UJ'lt~!l L"ll'W vhL~i~n~'WL~'W n~::')'Wn~::,)1tJ ~(;l~'W ~1'el LPI~1 

~2.J'el-:l ..,~.., 

I ," 

'"l1n~,)12.J~1rl'1!LL~::Vi2.J1'lJ'el-:li1'1!~1Vivhn1~~r.rtJL~ihn~w::ct3r.rtJ~-:lL~'Wm~'eltJ1-:l!j-:lL'W 

n1~1~r.rtJL~'el*n1~~n~~(;]~'VItJ1~~i1~~(;)tl~~i1m12.J'lJn~i'el-:l'VI1-:ln1~2.J'el-:lL~'WL~tl'W~1-:l L~'el 

,j12.J1L-ii1'Wn1~'eltlnLL'IJ'IJ L(;ltJfhil-:lt\-:ln1~~n~1~W~2.J~"1I'el-:l~(;]~'VIm~~i1~~(;)'el~~i1~,)12.J. ~ 

'IJn~i'el-:l'VI1-:ln1~2.J'el-:lL~'WL~'el'W~1-:l n1~~n~1~lJl~'VIm~~i1~~~tl~~i1m12.J'lJn~i'el-:l'VI1-:ln1~ 

2.J'el-:lL~'WL~'el'W~1-:lL~'Wb~-n(;lL'"l'W2.J1n~~(;l'"l'WhJt\-:l-W'eltJ~~(;l(;]12.J~1r;)'IJ n1~~n~1~(;]~'VIm~~i1~~ 

(;)'el ~~ i1 ~') 12.J'IJ n~ i'el-:l 'VI1-:l n1 ~2.J'el-:l L~'WL~'el'W~1-:l~'W"1ltl'IJ L(;ltJ LLtl-:l ~ n~1i-:l L~ P1~ ~-:l LL~::"1l1 tJ 

n1~~n'l3'1 f'i~~i1 ~~ ~'el ~~i1 ~,)12.J'lJn~i'el-:l'VI1-:ln1~2.Jtl-:l L~'WL~'el'W~1-:l LL~::n~2.J Lih~2.J1tJL'Wn1~ 
~ ~ . 

PI II..J...	 ... ..01 0 II ..J~ .l' PI.li II ~I CJ 

'VI (;l~tl-:l	 LlJ'W~'VI2.J ~,)12.J'lJn~~tl-:l 'VI1-:l n1~2.Jtl-:l L~'WL~'el'W~1-:l L~'el'W 1'lJtl"'~'VI bl'l LlJ'W~'WS1'W"1I'el"'~ b'W 

n 1~,j1 hJL-ii1'Wn1 ~'el'eln LL'IJ'IJ ~~ lJl.nWerl ~1'el~')'W~'W1~ L~tJ')i'el-:l n'IJ ~~i1 ~,)12.J'lJn~i'el-:l'VI1-:l n1 ~ 
I	 I "I 

2.J'el-:l L~'WL~'el'W~1-:l LYl'elL~ ~Vli1 ~') 12.J'lJn~i'el-:l'VI1-:l n 1~2.J'el-:l L~'WL~tl'Wn-:l L~~1nb~ii~ ~ (;].nwerlVi 

(;]'el'IJ~'Wtl-:lL 'Wn1~L o)f-:l1'WL'W'el'W1 ~ (;] LL~::L~'el L~~'el(;l ~~'el-:l n'IJ'WLtJ'lJ1tJ'lJ'el-:lfS'IJ1~ L'Wn1~'ti ~'W1~ 
0­

..	 I ... 

~n1~L~~1'W 

1.3	 CI'iltJL"r;'ISZlfI~n1'~~!1 

1,3.1 ~n~~lJl~'VIm~~i1~~(;)'el~~i1~,)12.J'lJn~i'el-:l'VI1-:ln1~2.Jtl-:lL~'WL~'el'W~1-:l r;)-:ln 
~ 

- ~n~1~W~2.J~'lJ'el-:l~(;]~'VItJ1~~i1~~(;)'el~~i1~,)12.J'lJn~1'el-:l'VI1-:ln1~2.J'el-:lL~'WL~'el'W. ~ 

- ~n'l3'1~ lJl~'VItJ1~~i1 ~~ (;)'el ~~i1 ~,)12.J'lJn~i'el-:l'VI1-:l n1~2.J'el-:l L~'WL~tl'W~1-:l L~'Wb~ 

-n(;l L'"l'W2.J1n~~ j;)'"l'WhJt\-:l-W'eltJ~~ (;llJl12.J~1 r;)'IJ 

- ~n~~(;]~'VIm~~i1~~~'el~~i1~,)12.J'lJn~i'el-:l'VI1-:ln1~2.J'el-:lL~'WL~tl'W11-:l~'W"1l'el'IJ L(;ltJ
~ 

0­

LLtl-:l~n~';-:lL~P1~~-:lLL~::"1l1tJ 
, , 

~	 I~",q I "....... I cr ....
 
- I"In~ ~~'VI2.J~~ lJl'el~'VI2.J ~')12.J'IJ n~~'el-:l'VI1-:ln1~2.J'el-:l L~'WL~'el'W~1-:l 

- n~2.J L'i:h~2.J1tJL'Wn1~'VI (;l~'el-:l LtI'W~~i1 ~,)12.J'lJn~1'el-:l'VI1-:ln1~2.J'el-:l L~'WL~'el'W~1-:l. ~ 
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1.4 tJ'lZt!l'!lU;1A1j;l'i1~~'M'U 

1.4.1 LLnUqj'W1t Um1~"1 LilU~1U~'el~'\.n.l'JtJ~1U~";"ml1'ii~tJ 

1.4.2 Li~IU'el~~f'l'J1),JnUm1'ii~tJ[;\'elhJ 
OJ 

1.4.3 lJlm1f'l'J1),JlLLr11.11~"ll1"llU 

.Q. "I .­
1.4.4 1J1m1f'l'J1),JILLnfl1f'l~1n1il 

1.4.5 LtlUU1~LtJ"ll,r[;\'elU1~"ll1n1nq),JI~1'Jta~h~ 

'VIti'JtJ~1U~-U1 ~~m1'ii~tJtuH'U1dtJ"ll,r tiA'LLr1 LN L1tJU ),J'VI1'ii'VItJ1~tJ 

1.5 U!l1~K"''V1L'il'''1~m,n Un1'l~4'!1 

1.5.1 ~[;l'ii'VItJ1~ 'VI),J1tJn~ LL~~~~ij~~tJi'fm11),J'el~L~ULL~~f'l'J1),Jl~ntJi'el~),J'fl~ 

1.5.2 f'l'J1),JlJnY/1'el~'VI1,m11),J'el~ 'VI),J1tJn~ Ltlun~),J f'lU~m1~~1 (;lU1~~1'V1i),Jer~ 

'VI1~m1),J'el~ L~U ~1),J11mL1J~tiA''el'elmtlu 2 ~m~tru~ ~'el ~1tJ[;l1Lfl'flU11~ (Low Vision) [;l1 

lJ'el(;l (Blind) 

1.5.3 f'lUL~ULfl'flU11~ 'VI),J1tJn~ f'lU~~qj L~tJm1L~ULLtJiir~~1),J11Cl'fi1u~n1:t1~),J';~ 

~tJ1tJt 'VI qjtiA' 'VI'1'fl ~'el~t-ifLL~U~tJ1tJ'fi1U (f'lru~'elttn11),Jm1ll1'(;l L~'flnLL~~~1 LLun f'l'J1),J~n11, 

2543) LL~~'fl~~m1'elU12!tJL~n (World Health Organization: WHO) tiA'ri1'V1UM~~lJf'l'J1),J 

"' ~m1'V11~m1),J'el~ L~uH ~~i'l (),J'VI1'ii'VItJ1~tJ~L~Vi'tJfi11),J1fi11"ll, 2531)• , 
jQf .., Q a 

[;l111~'V1 1.1 1~(;llJf'l'J1),JY/m1'V11~m1),J'el~L'VIU 

cv cv CII .. * .ell 'I" 
1~(;llJf'l'J1),J"ll(;lLIilU~'el~~1tJ(JI1'V1(;l'VI~(;l L),J'fl ~"ll 

LL~Ufi11),J~1 

.oil 

~1tJ(JI1L~'elU11~ 

(Low Vision) 

.oil 

6/18 'VI1'fl 20/70 
.oil 

6/60 'VI1'el 20/200 

(Blind) 

3/60 'VI'1'fl 20/400 
.oil 

1/60 'VI1'el 5/300 

hh~ULuJLLtJiLL~~~~1~ 

1.5.4 n11'el'elfILLlJlJ 'VI),J1tJn~ m1ll1tut-ifnlJm1'el'elmLlJlJ~~(JI.nru.,] m1'el'elnLLlJlJ 

lJ11~.nru.,] n11'fl'elnLLlJlJn11YJn 'VI'1'el~1U'el'elmLlJlJ~U~ L~m;r'el~ L~'fl-U1tuH'nlJ~~ij f'l'J1),J 



.... 
'UVIVI 2 

'" '" I I

t'Jm1~n~.:l'Jrl~"Irl1-:1;:j W34'f.J't~~mt"lLLfl:'l-n;;t:l~flVlLnf./':l;;t:l-:lt'Jm1~mt"l~(;I':3'Vlf./"I~ 
~ ~ 

~ii eJ fl [;]t:l ej~ ii lil ':l "I~tJ n ~1t:l-:l 'Vl"l-:l n"l1~ t:l-:l L~'JL~ t:l'J1"1-:1 L~t:l,j"l ~ "IH't'In''l1t:lt:l nLLtJ tJ 1~ 
~ 

'" I I '"vi"! m 1~ n ~"I.:l'Jrlt)"Ivi-:l LlilNm1tn~Lf1f./-:I LLfl:VI Lnf.l':l;;t:l-:l~"I n Lt:l m'l "I1 ~"I1"1 1':l~ vi-:l LL'\.ui -:I;;t:l~ fl 
~ ~ d 

[;]"1-:11 vi-:l~ "I mn.l':l f./-:I "I'lJ LLfl :"'t:l-:l ~~ (;lL(;lf./ ~"I Lil'J-:I"I'lJL1J (;J') ~fh ~tJ'i1'Jj;]t:l'lJ 'li-:lii 1"1 f./ fl: L~f./ (;l 
,

.ClI Go' .ClI Go' .. ., .... "" ., ... 
~ 

Lnf.l':lntJ'Vl~~!l ~flnm1LLfl:-:I"I'lJ':l~f./'VlLnf.l':l"llt:l-:l (;l-:l'J 

2.1 lil':l"l~~~"If./"lIt:l-:llil':l"l~1.Jn~1t:l-:l'Vl"l-:lm1~t:l-:lL~'lJ 
... 

2.2 ~"I L~(;J"lIt:l-:l~"Itl (;1"1 Lflt:l'J1"1-:1 

2.3 m11'(;lLLfl:U1:Lij'lJlil':l"l~~"I~"I1C1t'lJm1~t:l-:lL~'lJ 

2.4 m1~'el-:lL~'J LL~-:I LLfl:~ 
J' ...~ 

2.5 "''JS''l'J'Vl~~!lfI 
, , 

.. _ell ... " 
2.6 LL'lJ':llil(;l'Vl~~!l'VlLnm"llt:l-:l 

2. 7 ~tu m1'VltJ'Vl':l'J':l11n.!n11~ L~t:l,j"l1ut-n'J-:I"I 'J':34'f./ 

I t::J 
2.1 A,;)1t1'UJ1!1"J1'i1~A,;)1t1'U n'Wi'il~'VI1~n1n~'iI~L \'IU 

LL~'Vlu~iU-:I~m':lf{;l,r f',)n.!"I':3fl1t{;l (2546: 16-21) 1~n~1':l~1 lil':l1~tJn~1t:l-:l"llt:l-:lm1 

~t:l-:l L~'lJ~1:~tJ~~-:I ~-:lir-:l ~1~11mJ1:nt:ltJJl11n~U1:~11''J L~'J'Vl1-:11U1~'J~11~'lJ1~ j;]1~U n ~ 

LL[;]ii;;t:l~1n(;lU1-:1t'JtJ1-:1U1:n11 L"ll'J t 'Jm1~ n~"ItJ"I-:lLL"lI'J-:lLLfl:1.J1-:1~~':l{;)':3'li1 L(;ltl~ir-:l 

~1~11ftU1:nt:ltJt:l"l:n~~fl1tl 1 t:lth-:l1~ LL[;]ii,j'\l~1U1-:1 t 'lJ1.J1-:1t:l"l;i~~ ~t:l-:lH~1tl j;]1fl:L~tl (?\tlt:l 
~ ~ ~ 

LU'J;J'J~'J "lIt:l-:lm11.Jn~ 1'el-:l'Vl1-:1m1L~'J vi-:l;:j~t:l-:leJ"I'Jm1fn~'Vl1-:1m 1LL~'Vl ut:lth-:lMtJt1':l'J LLfl: 

H'LL~'lJ~"Itlj;]1fi11~(?\1LL~':l 

n11~ ~t:l-:l LLtln ~1tl (;1'1 L~t:l'lJ11-:1t:lt:ln~1 n~"Itl {;I"IU n~ LLfl:(;I11.Jt:l (;) L~t:lU1: Lf./'ll,r~fl1tl 

u1:n11L"ll'lJ t'lJ~"I'lJm1~n~1nL~t:lt"'~1~"I1ft4'{;)~Un1rt!m1~n~1 ~in~(;I1 ':3fim1~'el'lJt'" 
, 

.... .... "I" ..J ...... "% ... .... "I" 
L~~1:ntJ1:(;ltJ"lIt:l-:l~"If./{;I1 j;]flt:l{;)~'lJ ~~m1·J1':lm~flt:lt:l'lJ1 (;l"l'lJ~-:llil~LLfl:~m1~'JtJ~tt'lJ ~~ 

~ 1~11C1U1:nt:ltJt:l1;i~~ t:l (;) lil~t:l-:l ntJ lil':l1~ ~t:l-:l m 1j;]1~;rt:l~1 n {;)"lIt:l-:l ~ 1tl j;]1 LLfl:: lil':l1~ ~ 1~ 11ft 
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~fl'l~ (;\'l'iJ'el ~ (blindness) LiI'l.ll"l':l'l~'iJn~itNI~'el,:m'l1L~'l.l ~::'bJ~'l~'l1ClH~'ltl(;1'l 

tl1::n'el'iJfl'l1n~tl1::~'l;r'l.l ~n~ LLfl::tl1::n'el'iJ'el1;l~L"lI'l.ll"l'l.ltln~~':l'ttl 

.. ... 
'VI'l-1n11L'VI'l.l l"l'el 

1. L~'elt~l"l':l'l~"lI':lmVl~'flt'l.l£~h'l.l(;h-1 1 L"lI'l.l ~'l'l.lm1LL~'VI6 i-1l"l~~-1Ll"l1'l::,r m1~m~t'l 
_ " ClII .... lDiro .4I 

n11~~'l1()J'l~'ltll"l'l'VI~ LL'VI'l.l(;n~n{)'VI~'lti LLN-1'l'l.l n11~-1':l'l.l'fl'l-n~ (;1fl'fl ~~'l.l~':l~ ~m1'el'l.l1 

2. L~'el,J1::'i:t1"JlU~'l'l.l~"Jl'ln'l1 L"lI'l.l n'l1~m~t'l ,!f'l.ll"l~'l ~{t1 m1{~yh~~~ (;lfl'el~~'l.l 

l"l':l'l~~::~':l nt 'l.ln11LLfln Ltl~t1'l.l;r'el~fl1::V1~'l-1tl1::L'VI PI... 

n'l1'l~~'liltl'l~"Jl'el-1~fl'lYi(;\'l1J'fl~iilJi'l-11 rl'l.l L"lI'l.lt'l.ltl1::L'VIl'ILLl"l'l.l'l~'l ~'VI1S'flL~ln'l 

~'fl~'l~'ltl(;1'l;r'l-1~Lrl'flHLL~'l.lLL~':l'tl~t'l.l1::~1J,J'eltln~'l 6/60 fl-1~'l V1'1'eliifl'l'l.l~'ltl(;l'lLLl"l'iJn~'l 20 

'el-1P1'l Li~I'l.l~fl'l~(;l'l1J'el~(;1'l~n{)'VI~'lti (legal blindness) t'l.ltl1::L'VIPI~-1n~~ ~'elL'fl'l~'ltl(;1'l,J'elti 

n~'l 3/60 Li~I'l.l(;\'l'iJ'el~ t'l.lt)titllJ1LLfl::~ Ltl'l.l~'elL'el~'ltl(;\'l,J'fltln~'l 1/60 LtI'l.l(;1'l'iJ'fl~ LtI'l.ltJf'l.l 

~~'ll"l~{n'!1LL~'VItJLL'\A-1tl1::L'VI PI't'VItlt.Ji'~'l~'l ~'ltl (;1'l~ m1LL'VI'l.ll"l':l'l~'iJnYi i'fl-1~'el-1m1L ~'l.l 
0­

LLfl::t~~'lilm~H~-1lJi'fl'ttlil 

.... "'1".01" ...1. ~'ltl(;1'l~n11LLfl::(;1'l1J'tl~ (L'i1Yi'l::m~'l-' L~"Jl1-'V1'l.l-'~1-1L(;tm) 

1.1 ~1t1(;1'l~m1 'VI~1t1l"l':l1~~1 m1ii~'ltl(;1'l~~~~(;tLrl'fl'l.Ji'LL~'l.l(;l'lfi11~~'l 'i:~t1hJ• 

1':l~Ll"l1'el-1"l1':ltl~1tl(;\'l~LPI~ (visual aids) LLt\'':lL~'l.l,J'eltln~'l 6/18 fl-1'ttl~'l.l~-1 3/60 V1'1'eliifl'l'l.l 

~'ltl(;11 'i:(;tm'U~mLl"l'iJn~'l 30 'el-1l'1'lfl-1'ttl~'l.l~-1 10 'el-'l'I'l 

1.2 (;\11J'fl11l 'VI~1t1l"l':l'l~~1 m1ii~'ltl(;l1Lrl'elH/LL~'l.l(;11fi11~(;t'l,J'eltln~'l 3/60 fl-1~'l 

(;11'iJ'ell1li'l.lLLm'VI'1'el(;\1Ll~1J'el~ 'VI~'ltll"l':l'l~~1 m1ii~'ltl(;l1Lrl'fl'l.jfLL~'l.l(;1'lfi11~~'l 

LLt\'1) L~'l.lU'eltl~'l 3/60 fl-1'ttl~'l.l~-1 1/60 'VI'1'eliifl'l'l.l~1t1(;1'l'i:(;tm'i1~mLl"l'iJn~'l 10 'tl-1 PI'l'ttl~'l.l~-1 

5 'el-1P11 

fi11~ ~'l LLt\'1) L~'l.lU'elti n~'l 1/60 fl-1'ttl~'l.l~-'~'fl-1L~'l.lLyjtl-1LL~-1~~'l-1 'VI'1'fliifl'l'l.l~'lti(;11'i:~t1 L'U~t1 

LLl"l'iJn~'l 5 'el-1P11'ttl~'l.l~-1 0 'fl-'Pl1 
0­

(;1'l'iJ'fll1lf'l.l~'l~ V1'1'el (;1'l'iJ'el~~il'VI 'VI~1t1l"l1)1~~'l~'fl-11JJL~'l.lL~LLlJiLL~-1~~'l-1l"l'l.l 

I 
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" 
2.gq"lt/{;l"l~n11LL~:I"I'l.l(;)"ltJflr;J (~~"l1Cl.l"l(;)"li'l 2 ;("l'l) 

t ... .., .., ~ 1I..l... I .J "I iI I II Of 

fil'l.l{;l"ltJflr;J"'l.lLL1n 3J~m~tCl.l:r;}'1'W (;)"l""l'lVlr;Jn')"l L3J'fl ~"liLL,)'W(;)"lfi113Jr;J"lLL~,)LWW 

eWfltJn~"l3/60 ~'1LU~'l.l~'1 1/60 ·vi1'flij~"l'l.l~"lt/{;l"l 1r;JtJL~~tlLLl"ltJn~"l 10 fl'l~"l ~'1LU~'l.l~-3 5 

fil'l.l{;l"ltJflr;Ji'l.lgq'fl'l "'3J"lt/~-3 ~'1 (;)"l;r"l'l~~n~"l LriflHLL~'l.lfi113J r;J"lLL~'J L~'WeW'flt/ n~"l 

1/60 ~'1LU~'W~'13J'fl'lL~'WLYiU-3 LLgq'lgq~"l'l V11'flij~"l'l.l~"lt/ {;l"l1r;Jt/ L~~t/ LLl"ltJn~"l 5 fl'l~"l~'1 LU Ln'fltJ 

04 
t'l'l 0 fl'l~"l 

II I I 

LL3J LLr;1LLgq'l~,)"l.:l 

'fl'l~n1~'fl'l.l"l,rt/1~n (World Health Organization: WHO) L~mj.:lI"l,)"l3JtJnw1'fl 

" " V1"l.:ln11L~'l.lflflmtl'l.l;r'l.lj;j"l.:l1 l'l"l3J ICD 10 ~.:Iu. 
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ICD 10 definition 

Category of Maximum Minimum 

Visual less than equal to or better than 

Impairments 

1 

2 

3
 

6/18 6/60 

3/10 1/10 

20170 20/200 

6/60 3/60 

1/10 1/20 

20/200 20/400 

3/60 1/60 

1/20 1/50 

20/200 5/300 

4 1/60 light 

1/50 perception 

5/30 

5 no light perception 

9 undetermined or unspecified 

~1m~'tlU11~'1.iJlLLri visual impairment 1~~'lJ 1 LL~~ 2 

j;\1'lJ'tl~'1.iJlLLri visual impairment 1~~'lJ 3-5 

"'1nn11~n'fn WHO Lutl 1998 V'l'lJ~1ijU1~1I1n1~'tl~LUiuj;\1'lJ'tl~Lut~ne~~'VI~~ 

44,800,000 f'lU LL~~t1f'l~d:lu~1L'VIj;j~1~cy'1.iJlLLri 

1. iJl'tln1~ ...n 43% 
" I I 

2. L1f'l"ll'tl~U1~~1Ylj;\1 1')~'ti~ ... 'tlj;\1L~'tl~"'1m'lJ1'V1,)1U ...'tlj;\1t'bun~1~L~'tl~ 24% 

3. iJl'tl~U 15% 

4. 1~~~')~j;\1 11 % 

5. !l1,)~".II1~blJl1ijU A 6% 

6. onchocerciasis 1% 



'" I..l 
lJI"'l~"'l.:J'VI 2.1 ~Ci~~(;l'VI~Likl'l.lf1l'l.l~m~ ~"'lLL'I.lnlJl"'l)Ju~~Lfl'VIf1l,)"'l)J~m~ LLfi~LVHilILLfi~/lij/l"'lf1l~.:JLL(;jt)'I.l;j 1 Vifl'M'/l"'lf1l)J 2537 ~.:J 31 lJIfi"'lf1l)J 2545

" "I • 

1.I1~1I1"1'I~1lJnn11 
tltll'l~ 

1111'1 YI1~n11lJtl~1I4U ,mn11'1Jiiiu~ ,,"~n"tl ""~'i,,l'l ,,"~ftiiii1CUCU" 1'I~1lJnn11'i1{tlU 'bj~!.l1'l~1lJ"m1 

'1tl \lc\j~ ~lJ '1tl \lc\j~ ~lJ '1tl \lcU~ ~lJ ,1tl \lc\j~ ~lJ '1tl \lc\j~ ~lJ ,1!J \lcU~ ~lJ '"!J \lcU~ ~lJ '1tl \lc\j~ ~lJ 

tl11ll1llJ\l1U1'I1 1,182 793 1,975 2,488 2,178 4,666 6,213 3,056 9,269 364 134 498 1,524 935 2,459 1,196 720 1,916 39 26 65 13,006 7,842 20,848 

11I'1nIl1~~ft:::ll11'11'1~O)Utltln 3,198 2,763 5,961 5,314 4,483 9,797 25,615 13,281 38,896 1,086 705 1,791 5,647 4,703 10,350 4,546 3,251 7,797 378 231 609 45,784 29,417 75,201 

111'1~llil'8 4,255 3,646 7,901 5,786 4,733 10,519 23,239 13,265 36,504 1,045 645 1,690 5,739 4,782 10,521 4,600 3,347 7,947 727 458 1,185 45,391 30,876 76,267 

l'II'I~-rUtltlmi!J~I\ljjtl 8,495 8,168 16,663 9,202 7,847 17,049 38,173 21,219 59,392 1,735 1,248 2,983 9,223 7,816 17,039 5,876 4,324 10,200 1,588 1,168 2,756 74,292 51,790 126,082 

111'1Ui 2,015 1,519 3,534 4,044 3,438 7,482 12,565 6,304 18,869 541 373 914 3,297 2,856 6,153 2,485 1,875 4,360 265 188 453 25,212 16,553 41,765 

tltl"7'llJ 19,145 16,889 36,034 26,834 22,679 49,513 105,805 57,125 162,930 4,771 3,105 7,876 25,430 21,092 46,522 18,703 13,517 32,220 2,997 2,071 5,068 203,685 136,478 340,163 

iiI'lWUft!Jft~ 5.63 4.97 10.60 7.89 6.67 14.56 31.10 16.79 47.89 1.40 0.91 2.31 7.48 6.20 13.68 5.50 3.97 9.47 0.88 0.61 1.49 59.88 40.12 100.00 

.... ..,
'rJJJ1"J1'ilJJji ~"'l,rn~.:JL~1)JLLfi~~"'n~f1I'1.l~m~ ~Tl!n.:J"'l'l.l~.:JL~1)J~t)~~/l"'lViLLfi~~"'n~L~n LU"'l,)'ll'l.l ~~'flULtlm~ f1I'1.l~m~ LLfi~~~.:Jtl"'l'J ~,)l.J~'))J~"'ln.. 

~"'lU.:J"'l'l.ltJfim~~"'lLil'l.l.:J"'l'l.l'll'fl.:J~"'l,rn.:J"'l'l.l"1 LLfi~~"'l,rn.:J"'l'l.l~~'I.l"'l.:J"'l'l.l~~'I.l"'li.:Jf1I)JLLfi~~t)~~m14'.:J~t)~ 

..... 
o 
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2.2.1	 '111L1IIJI• 
" ... .d q::'..l ....... A' Ci'_

f'l.:l f'lfl'ltJmJ~'lL'VI(;J~'ltJ'el r;)'ll.:l~'Vl.:l L1f'l'VlLtlun11~~U~ n'l1~r;) L"l1'el 1l'l,;)~l'J~ LJ l"l1U'ln'l1 

n'l111JfftJLLN m'~'VltJm'~L Yl'elU n'l1'tlJiftJ~'l1~'ft lJ]fl'el r;)"'lUbf'lntJ LJ1'l.:l1 ~'Vi'lfl'ltJ~,;)ULJ1'l.:l1 

"l1'el.:lr;)';).:1 ~'l LLLJ1 LtlU1~~tJ~tULLNU'eltJ n~'l 'VI1'el L~n'l1fn'ft'l'tlJi~1~~tJ'VIt1.:1 ~.:Iu.:Iv'h L~ 

~~11ClIl'l~ n'l1~'el.:lL ~U~'el L'VI~'el'eltlU'l.:l L1f'l~'Vi'l L~ lJ]'ltJ'elr;) LLfl ~L1f'l~'Vi'l L~ij~'ltJ ~'l L~'elU1'l.:l~~tJ 
'll 

U'eltJ 'el'l"'l"'l ~hJL'l!bf'l L~tJ,;) nUL~~'el '11.J LLfl ~L ULLLJ1fl~1.11~L 'VlPln LLlJ]n LJ1'l.:l nU'el'eln't1.1~'l~in'ftCl.l~ 

"l1'el.:lS'lU~'Vl'l.:l LPl1'ftsn"'l f'l,;)'l~ Llillcy'Vl'l.:l LL~'VlU LLfl~n'l1~ ~U'l"l1'el.:l1.11~"l1'ln1 

LU1.11~L 'Vl PI't'VltJ n'l11'ltJ.:I'lU~'l L'VI (;J"l1'el.:llJ]'ltJ'elr;)~'elij'tlJi"'l'ln'VI fl'ltlLL~.:I ~,;)U~'l L'VI (;J"l1fl.:l 

" " ~'ltJlJ]'l L~'elU1'l.:lU.:lijufltJ~'ln L~n~ij f'lUL~f'l,;)'l~~UL"'l f'lUn~~UUfltJ ~mi.:lfsnu.:Ih.jij 

~1'~ ~ n'l1L~ LuiflillipjUlJ]'l~LN~tJ'ltJ'lfl ~,;)Ufl.:l'Vl~LUtJULJ1'l.:l 1i1n'l1fl.:l'Vl~LUtJU~~ lJ]'ltJ'elr;) 

~ 'l'VI ftJ ~ij~ 'ltJ~'l L~'elU1'l.:lU.:lhlij ~'lU,;)UlilU~'ltJ'elr;)~.:I~'el'Vl1'ltJ LLLJ1~'lU,;)U ~ij ~ 'ltJ ~'l L~ 'elU1'l.:lU.:I 

't,,]'Vl1'ltJLLtl ~.:IU.:I 't,,]ij1'ltJ.:I'lU~'l L1f'lLr;) LtlU~'l L'VI (;J"l1'el.:l~'ltJ ~'l L~'elU1'l.:l L'Vh~'Vl1'l1Jij1'ltJ.:I'lU"l1fl.:l 

~Il'l LLfl~f'lCl.l~Lr;)tJ~'l1,;)1il"'l'ln ~t1';)tJ~~'lftJn'l1tJln'l1L U low vision clinic "l1'el.:lIl'l f'l~"l1'l4'n'ft 
.Q All d	 ~ ::'.J' .c:II " I IQ .... " ,JAll	 I

1~ .1'l~'lfitJ r;) 'll.:l L~.:IlJ].:I"l1UL~fltl ~.PI.2536 ~tJ~t1';)tJ~,;)UL 'VICY~'el'ltJlil'elU"l1'l.:lUfltlL~'el 

LmtJtJLVitJtJntJ low vision clinic LULJ1'l.:l1.11~L'Vl PI ~tJ~'l ~,;)UL 'VIqj"l1'el.:l~ij~'ltJ ~'l L~flU1'l.:l LtiU 
~ , 

L1f'l"l1fl.:l"'l'el1.11~~'l'Vlm'll.:l~tJ't~.:I1'eltJfl~ 42.5 L1lil"l1fl.:l1.11~~'l'Vl~'l1'eltJfl~ 27.5 LLfl~~U1LU 

1J11r;)'-IL1lilLJ1'l.:l1 "jJfl.:lIil'el1.11~~'l'Vl ~'l~tJ~'l LtlUL1f'l1il'el~'l'VI~ r;)fl'eln (retinal detachment) ~'ln 
J	 I 

'Vl~ r;) ~'l~ lJi,;)tlLtJ'l'VI,;)'lU'Vi'lfl'ltJlil'el1.11~~'l'Vl (diabetic retinopathy) LLfl~"'lfllJ]'l~';)unfl'l.:l L~'el~ 

LU~~.:I'el'l!J~hJ'Vl1'ltJ~'lL'VI(;J (age related macular degeneration) ~'l'VIftJLULJ1'l.:l1.11~L'VlPlLU 

1'ltJ.:I'lU"l1'el.:l Faye ~.:I~tJ~~ij~'ltJlJ]'l L~'elU1'l.:l LU'el'ltJ~~'lnn~'l~tJ~'l LtlUL1f'l1il'ellJ]'l ~';)unfl'l.:l 

L~fl~L U~~.:I'el'ltJ"l1ilr;) 't,,]'Vl1'ltJ~'l L'VI (;J~.:I~ r;) LLfl~~tJ't~.:I1'eltJfl~ 49 

'i' • ,,",0"1"'" ..
2.2.2 ,,'iflJl1.:! '1 'VI'VI1,,1IILnJlIl11~'II1!JJl1L'i'il'U'i1.:! 

1.1il'el1.11~~'l'VllJ]'l'VI~r;)fl'eln 

LUIl'l,;)~1.1 n ~"'l'el1.11~~'l'Vl ~'lIil~1.J'el~Il'ltJLU~ r;)"l1'el.:l~ n ~'l LLfl~ L~~'t1.1 ll';)tJ L'llfl ~ 

1.11~~'l'VlftJfn'l1L~ULLfl~"'l~~.:Im'~LL~1.11~~'l'Vl't1.1lJ]'l~L£\'U1.11~~'l'Vl (nerve fibre layer) 't1.1 
" ,

1';)~nutJ1L,;)Cl.li';)1.11~~'l'Vl~'l (optic disc) nfl'ltlLtluL£\'U1.11~~'l'Vl~~'el.:lI"iVi 2., (2 cranial nerve) 

~~tJnnu~'l optic nerve ~.:IIil~U'lf'l,;)'l~~nn'l1~'el.:lL~U't1.16.:1~~fl.:lftJfn'l1L~U LUf'lU~ijf'l,;)'l~ 

~ r;)1.1 n ~"jJ'el.:l"'l'ellJ]'l Ln r;)~U'el'l1il1il ~LtlUIil'ellJ]'ltJ'eltJtJ'l.:ln~'l1.1n ~ ~.:I LtlUL'el.:lLu~t1';)tJ~ij~'ltJ ~'liu 

'VI'1'ellilfllJ]'l 'tlJiftJ n'l1n1~'VltJm'~LYl'elUIil'l n'elUii L'VIlJ]• 'VI1'el LL,j' LLLJ1n'l1~ nfl 'tnll'ltJLUr;)';).:1 ~'l~'ln1	 • 
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LtJ~tJULLtJfl..:l L~tW~'1 n LI"1tJ'trJi'fun'11t.h ~C'lfl'1tJ1.UC'l'N j;\'12.J'1 r1'elU j;\fl'elC'l41U~U'dtJ LU'1'V1'd'1u~ii 

L~'el C'l'eltl n1.U~'11Uj;\'1 U'1ULi''1tl '141 r1'el1.'"'Ln C'l~..:I ~ "'fl'1tJ1.U'ttJ M~"J n41'eltJ1~~'1'V1 j;\'11.,",'VI~ "''el'eln 'trJi' 

tJU'dtJ~ii41'elj;\'1'V1fl "'fl'elmrn41~~2.J41'1nii1'eltJ~n,,'1"'~41'el j;\'1'Vi'11.,",ii'el'1 n'1 1L,"U'el~hfltltJ'ttJ2.J'1 L,"U.. . 
LL~..:I 't~ LLflU1"'tJhjii LL~..:I't~415-..:I1 L~'el..:l41'1 n ii n'1 m 1~~U41'el j;\'1 j;\'12.J rJi''dtJ n'11L,"Ufl '1 'Vi 'VI '1 tJ't tJ 

I ... 

U'1..:1~'dU'1I'el..:lfl'1U~'1tJm L'llU 'el'14141 ~L,"'l.lfl'1'Vi L'U'Vi'1~fl'1'Vi rJi''1UUUI"11..:1~'1..:1 hh'"U Liju~u t1'1;j..:l 

't.n"'tJhi'trJi'fun '11fm~t'141'el j;\'141 ~'VIfl "'fltl n l'I'el'ttJ~ n 'VI '1 n n'1 1'V1~ "'fl'eln fl'12.J 'ttJ~..:I41'el j;\'1 ~ 'dun fl'1..:1 
... 

~'1'Vi'11. ,",~'1tJ j;\'1iJ'dfl..:l 111"1U~'el LtlUfl'1'd~f1'elui''1..:11u~bu t1'1 LtlU1~tJ~LL1n1 ih.y;tJ..:I1tltJ~n,,'1'" 

~41'elj;\'1 ~'12.J'11tlfnM1 'trJi'rJi''dmL~..:I Lfl L'lI'elf LLl'It1'1iin'11'V1~"'fltlmL~'d ~tl..:lfnM1rJi''dtJn'11th ~'" t1'1 

2.J'1fUn'11th ~",ojh LL~41tl j;\'141~'VI'1tJ'VI~ "'fl'eln LLl'I n'112.Jtl..:l L,"u41~'t,jniu2.J'1 LtlUL'VISj'elUL~2.J fh1.'"' 

L,"UL~tlU1'1..:11.U~~•'" 

I ... I 

Lil'el..:l41'1n111"1 LU'1'V1'd'1U'Vi'11.,",ii n'11'Vi'1fl'1tJ"'el..:l'VIfl'el '" L~tl",i'1..:1n'1tJ 1'd2.J\4..:1Vl41tl j;\'1 
, ... 

1"'tJ L12.J41'1niiu'1 L'VI~'el..:l~2.J'el'eln41'1m.llfltl'" L~'el"'''tl..:l41'elj;\'1 i'd2.JriUn'11~"'~U"'el..:l'VIfltl'" L~tl'" L~n1 

U'12.J'1~..:I'VIfl'el '" L~tl '" Ln '"1.'VI,j~'el'141~n'1l '1 '"'trJi'~'1tJ t1'1'VitJ'1fi~fl'1'Vi Ln "'u5-L'd ClJ~'dun fl'1..:1"tl..:l41tl j;\'1 

4l~'Vi'11. '"'j;\'1iJ'dfl..:l LLl'It1'1 Ln C'lU5-L'd ClJrJi''1ui''1..:1 ~U'dtJ41~'t,j l~ n ~'d t1'1 j;\1'd41'ViU1.U1~tJ ~~!i..:l 't,jii~41'el 
... 

j;\'1 ~'dUnfl'1..:1 n'11fm~t'1 rJi''dmL~..:I Lfl L'lI'elf~'12.J'11tl~ ri",riuij1.m11"1flnfl'12.J ~U41~'Vi'11. ,",~'1tJj;\'1 1"1..:1• 
tJ n ~tl~'trJi' LLl'It1'12.J'1'ViU LL'Vi'VIUrJi''dtJ~'1tJ j;\'1~iJ'dLL~'d ~'du1. 'VI qJ n'11fnM'1 rJi''dtJ LL~..:I Lfl L'lItlv.,j'trJi''Vi'11.'"' 

.CIIJ' lClII 1_'1 cv.Q1. .... " .... 1. I...... "'... 11 .Q

~'1tJj;\'1"'''U L'VitJ..:ILLj;\u'el..:lnU2.J 'VILfl'dfl..:l m'VIfl'el"'Lfltl"'Ln", 'VI2.JLn",'Un,,'1'" ~1J'dtJ41~LnC'ltl'1n'11 

j;\'1iJ'd'el£h..:l't!u'Vi iu LLfl ~t1'1 n'1 1LtJ~tJULLtJfl..:l"'el..:l41'el j;\'1ii2.J'1 n~uLn "'~..:I t1 "'~..:I41tl j;\'11.,",'VI~ "'fl'eln 'trJi' 
... 

~..:I1~tJ~U~'el..:lfl..:l LtltJ rJi''dtJn'11th~", LLfl~t.Jfl n'11t.h ~",ii't,j LL'lJU'elU tJu'dtJiJn41~fl..:lL'eltJ rJi''dtJn'11ii.. 
~'1tJj;\'1L~'elU1'1..:1'V11'elmu'el"'1.u~~", iil"1u~m~n'Viu~'1 t1'1LtlULU'1'V1'd'1U 10 U ij1'eln'1~Ln", 

I"1'd'12.J~",tJn~"'el..:l41'elj;\'11tltJfl~ 7 LLIJit1'1LtlU2.J'1nn~'1 15 11 ij1'eln'1~1'eltJfl~ 63 LLfl~!i..:l~U'el£lriu.. 
I I ... 

n'11fJ2.J LU'1'V1'd'1U'trJi'~'VI1'el hJ~ rJi''dtJ ~U'dtJ LU'1'V1'd'1ULVl'el'VI~ n L~tJ..:Ifl'1'd~Ul"1'd1fu n'11j;\1'd41 j;\'1'el£l'1..:1 
... 

fl ~ L~tJ "''el £I '1..:1UtltJufl ~I"1f..:l'VI1'el j;\'12.JU"''VI2.J'1tJ,,'el..:l LL'Vi'VI U 

3. 4l'elj;\'1~'dUnfl'1..:1L~'el2.J1.U~~..:Itl'1~~'t,j'VI1'1U~'1 L'VI ~ 

'Vi U 2.J '1 n1.U tJ 1~'11 '1 n 1~..:I tl '1 ~ 'VI '1..:1 j;\~.) Uj;\ n LtiU n '11L~ 'el2.J "tl..:l L'lI fl ~,J 1~~ '1 'VI 

~'dUnfl'1..:1"'el..:l41'el j;\'1 (macula) I"1~'1tJ n'11L~'el2.J"'el..:l L'lIfl~,J1~~'1VI1.U~2.Jtl..:l~..:I'Vi'11.~ ~~..:I'el'1~ 

I"1'd'12.J~'1 L~'el2.J L~'el..:loD'1'V1fl..:l~2.J n'11L~'el2.J"tl..:l L'lIfli tJ1~~'1'V1~'dUnfl'1..:1"'el..:l41tl j;\'1 'Vi '11.'"'tJU'dtJii.. 
... 

tl'1n'11j;\'1iJ'd j;\N nfl'1..:1 2.J'el..:l L~Ufl'1'Viij '" LUtJ'd L~UL..:I'1 ~'1U5-L'd ClJj;\N nfl'1..:1"U'1 '" LLfl~~'1I'el..:lfl'1'Vi 
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" " I I" 

ijl'l LtJ'tl'l.lLtJ ";.:ItlLU'tl.:l"l 1n L":ilfl~l'Ufn1~L~'l.l~LLfl~n1~L~'l.l;l'l'tl~~'U1Lf;)ru"l'tlj;11'Zb'l.lnfl1.:1 L~fOltl 

~n"l~LtI'l.lL'l.lj;]1 2 ;)1.:1 Ll'lml~LtI'l.l;)1.:1LLmri'tl'l.l ~f;)'l.lL~qj~Uf;)tI"l~~1'rl'ULL'rl'Vltl1'l.l~~tI~~fm~t1 
" 

hJ'trJl Cf1~1 'rl'U LL'rl'VlU~~tI ~LLm L'l.leJUf;)tI'U1.:1 fOl'l.l'tl1"l"l~~ n l'ln'l.lijLm~fOlfl n fl1 ~ rJlf;)mL~.:I Lfl L":il'tlflrJl 
~ . 

,~ ..... ~ ~ k ".'1" PI ".... .oM ~..J
LLj;] ~'l.l'U1.:1fOl'l.ln~'tl1"lLLn ~'11 ~P'ILLfl~tqllJf;)tlj;]'tl.:lnfl1mlJ'l.ltql~~1t1j;]1Lfl'tl'l.ln.:l ~'l.l'Vl~l'l 

" 
4.~1t1j;]1i'l.l~1n 

ij~Uf;)tI'tl~~1'l.lf;)'l.l~rt.:l~ij~1t1j;]1i'l.l~1n ~f;)'l.lL~qj"l~~1nn~1 8.0 'tl'l'tl'tlULj;]'tlf 

A''1 cv ":":' Iei' "cr cv" IJ I

(diopter) ".II'l.l ~U ~n"l~L~~i'l.lj;].:ILLj;]Ll'lmLfl~i'l.lfl.:lL~f;)~1n LtI'l.lM~~'rl'l.l~ LL~'tl1!J~1nm1 20 

" I " " 

t1LL~f;) j;]1"l~6.:1fOl.:li'l.l'tu L1'tltl1 ~'tl~1 LtI'l.lL~fOl~1t1 j;]1i'l.l n~1f;) ~'tl ~1t1j;]1i'l.l'tl1"lLLU.:I'trJlLtI'l.l 2 
" I" I " 

n~~ n~~LLmLtI'l.l~1t1j;]1i'l.lun~ ~n"l~iJ~i'l.lLiJ'tl'tl~L'l.l1'tlt'l.l LLfl~i'l.lhj~1nhJfOlf;)~Lnl'l 8.0 'tl'l 

" " I " 

'tl'tlULj;]'tlf j;]1"l~i'l.lfl.:l1 'tlf.h.:l.;{11 LLfl~"l~~!Jl'li'l.lLiJ'tl'tl1!JU~~~1ru 20 tI n~~tl~'tl~1LtI'l.lfOl'l.l 
I ," 

~1t1j;]1Un~L'rl~1~LiJ'tlL.;{LL~'l.l~1t1j;]1n"l~L~'l.lUn~n'Utlnn~~~L1t1n~1 L~fOl~1t1j;]1i'l.l ~1t1j;]1"l~ 
",""" I " 

i'l.l~1niJ~i'l.li.:lLLlJIL~n ~1t1j;]1"l~6.:1i'l.lfl.:l1 mJ"l~'tl1!J~1nn~1 20 ;j'tULL~f;) !j.:ln~1,r'l.l6.:1'rl'U 
~ , ,,,.otl J' ~",,, ... J' ... 
~~fOlj;]1j;]1.:11 ~f;)~l'lf;)tI L~'tl'tl1!J~1n'1l'l.l ~l'lLLn j;]'tl~'l.lL~'tlN "l'tlj;]1~~l'lfl'tln j;]fl'tll'l"l'l.l"l'tlj;]1'U1.:1 

~1mLfl~L~'tl~ (myopic degeneration) ~1~f'UtJr'tl~'l.l LLfl~"l'tlj;]1~~l'lfl'tln6.:1ijijfifn'M'1 ~f;)'l.l"l'tl 

j;11 L~'tl~"l1n~1t1j;]1i'l.l~1n LtI'l.lL'rl~1~~nj;]1ij'1l'l.l1l'l L~qj v'hL~"l'tlj;]1~n~ l'l'tl'tlnv'hL~'U1.:1fl.:l1 

LLfl~ijn1~L~'tl~'1I'tl.:lL":ilfl'lJI1.:11 L'l.l"l'tlj;]1 v'hL~j;11~f;)fl.:l1 LL~"l~LLri1'11~f;)mL~'l.l~1t1j;11LL~f;) ~Uf;)tI 
..J.... " .otl " ".....oM ..J
'Vl~~1t1 j;]1i'l.l~1n1 L~'tl'tl1!J~1 n L'1I1"l~nfl1t1 LtI'l.l~~~1t1j;]1 Lfl'tl'l.l~1.:1L'l.l'Vl~ l'l 

2.3 n1,-rl'lLLa~t1~Lij\lf'l';l1~.1~1,a':un1'~'il'IU;\1 

2.3.1 n1,t1~Lij\lf'l';l1~.1~1,aL\ln1'~'il..:lL;\1 
, " 

L'l.ln1~j;1~f;)"lU~~Lij'l.l~,jf;)tI~1t1 WI L~'tl'l.lj1.:1 iJ~tJr'l.l~f;)tln'ui.:l Ln j;]~Uf;)tI ~.:ILLlJI L~'l.lL;)1 

~1 'tl1"l'rl'Ugfn'M'CU~'Vi1'Vl'N~U.:I~.:In1~uf'U if;)'1I'tl.:l ~Uf;)tI lJI'tl1l1f;) n1~cU~ 'kJ L~tI~1t1 j;11~ LtI'l.l'tl~ 

~Uf;)U~ L~tlfl1'l.l~1t1 j;11~n tl'l~n~rt.:l~nij'tl1n1~i'l.l~1'tl Ltltl.:l P1~'M'~ (head turn or tilt) 
" I I I I 

'l.l'tln"l1ntl6.:1'rl'U't~'l.l~Uf;)tI~ijj;]1L'1I ~1'tlj;11i'l.l (nystagmus) gfn'M'CU~'Vi1'Vl1.:1L'l.ln1~LfOl~'tl'l.l~ 

L"lI'l.ln1~Ln1~~1f;) ~1'tlL-DiJ'tl LLj;]~tJ,r.:l j;]fl'tll'l Lf;)fl1"l~'rl'U't~'l.l~Uf;)tI~~'kJ L~tlfl1'l.l~1t1 j;]1~f;)'l.l'l.l'tl n 

(peripheral field eJUf;)tI'U1.:1~1t1't~~1~1~m~'l.l~1j;]~f;)"l'trJlL'tl.:ltJr'tl.:lijfOl'l.l"l.:ldefect) 
~ ~ 

LtI'l.l~'l.l 

.r .... ~ "'''' .J cr .... Icv
n1~i.:lLnj;1L'U'tl.:lj;]'l.l'l.l"l~t~'1I'tl~fl'U1.:1~f;)'l.lLnmn'Un1~'tl.:lL~'l.l".ll'tl.:ltqlUf;)tI 

eJU~~Lij'l.l"l~tJr'tl.:l L~ fOlf;)1~~1 iln In'U fOlf;)1~~1~1~Cl L'l.ln11~'tl.:l L~'l.l~ L~~'tl'tlf.l'1l'tl.:leJUf;)tI 
~ D~ ~ ~ 

, " 
Ll'ltl";f;)'tU"l~u~~n'tl'U rJlf;)tln1jj;]~f;)"l~.:I lJI'tl'tutl 
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visual acuity) 

- n1~1'(;1~,)'IJ~')t1(W) (visual field) 

- n1~1'(;1 contrast sensitivity 

- n1~(;1~'J1il~'lJ1 (;1,)2J~~'1LiI'IJ 

2.3.2 n1'l-r~A';l1~-r~'\un1'l~'el.:JLi4u (visual acuity) 

n1~1'(;1l"l'J')2Ji(;1 LIil'IJl'lJn1~2J'fl~ L~'IJ~'fl~ ~ll'JtI ,.,1'fl L5-t1n n'IJ~,) 
, 

VA 

., 
u'ULiI'lJi'IJ(;1'fl'IJVl 

., 

, 

~') ~q.j!j~ 1'lJn'mJ~::Lij'IJ~ll'JtI~')t1 (;1') L~'fl'IJ~,)~ ~ll'JtI ~')t1 (;1') L~'fl'IJ~,)~'fl,)lilij visual acuity ~~ LLj;J 

"ll'J~tl n ~1.tllil'IJ~~"lh~~ij 1"1') ~,)2J,) n1 ;r'fl~ ~~'I!'U LiI'IJ;r'fl~~~'lJ3,)'L.ll'L.ln')~~LL~ ~n'M,) ~1l'J tI 1, 

~ (;1 (;1,)2J n') ~~') Lil'L.lL1l"l 1,~ '"I LL'L.ln ~::;'U l"l 'J,)2Jt'L.lLLN~'fl~~')t1 (;1') L~'fl'L.l~,)~ LL~ ::1-ntl~::2J,) cu 

ih~~~mtl~'fl~ Ll"li'fl~"ll'JtI~,)t1 (;1') LiI'L.lI1f'L.l 

~'J'lJtl~::n'fl'U~~,) ~q.j~ij eJ~ j;J'fln1~1' (;1 l"l'J')2Ji(;11'L.ln1~2J'fl~ L~'lJ1.~ LLn 

1. LL~'L.lthtl~'),.,~'U1'(;1~')t1(;1') (visual acuity chart) 

2. LL~.:I~~,)~ (Illumination) 

3.n,)'J::~,)'L.l~')t1(;1,)~'fl.:l~1l'JtI 

4. L'Vll"lill"l~fin1~1'IJn1~1'(;1 
., 

n1~1' (;1l"l'J')2Ji(;11'L.ln1~2J'fl.:l L~'L.l~,)"'~'U ~ll'JtI~')t1 (;1') L~'fl'L.l~,).:Iij 2!nlil::1'(;l n'L.l~'fl.:lLL'U'U 

U1LLn l"l'J,)2Ji(;11'L.ln1~2J'fl.:l L~'L.l~::t1::1.n~ (distance visual acuity) LL~::l"l'J,)2Ji(;11'IJn1~2J'fl.:lL~'L.l 

~::t1::1n~ (near visual acuity) 

1'L.ln~ti1 ~'fl.:l n') ~1'(;1l"l 'J') 2Jij;)1'L.ln') ~2J'fl.:l L~'L.l~::t1 ::1.n ~~,)"'~'U ~1l'J t1~')t1 (;1') L~'fl'IJ~,).:I 

iflillil,j'L.liltl2Jl'LLeJ'L.l1~htl1'(;1LL'U'U ETDRS chart ~.:Iijl"lCU~2J~~L"'2J,)::~2J L'W~')::"ll'J.:I~(;1~')~'J'IJ 

1'L.ln1~~ (;1,.,1'fl L~2J~'L.l,) (;1~'fl.:l ~'J~n'M~1'lJLLj;J~ ::LLmLiI'lJ1.tl'flth.:l ~~') L~2J'fl LL~ ::LLj;J~ ::LLm ij~')'IJ'J'L.l 
I ., 

~'J~n'Mn.,.hn'L.l LLj;Jl'lJn~ti1Vlhjij LL~'lJi:htl LL'U'Uij 'fl')lill,LL~'lJthtl1'(;1n1~2J'fl.:lL~'lJLL'U'U Snellen 

chart ~1'ri'IJ2J,)LLj;JL~2Jn1.~ 'flti"l.:lhn(;1')2J LL~'L.lthmL'U'U Snellen chart 1,"eJ~n1~1'(;1l"l'J,)2Ji(;1 

~'fl.:ln1~2J'fl.:l L~'L.ll'IJ"ll'J.:I~')t1 (;1') L~'fl'L.l~')~HlbJ~::L~t1 (;1'1!n ~'J'flth.:l L"ll'L.l 1'IJn1~1' (;1L(;1t11, Snellen 

chart ,.,')n~ll'JtI~,)2J')~t1'fl')'IJ~'JL~~LLm 20/200 1.~ L~,)Iil::l,"'fl,)'L.l~'J~n'M~LLm t1(;11.tl~.:I LiI'L.l 

LLm 20/1 00 ~.:I,.,')n~ll'JtI'fl,)'L.lLLm~hj1.Jl L~,)1il::1j'L.lVineJ~~,)l"l'J,)2Ji(;11'lJn1~2J'fl.:l L~'L.lLiI'L.l 
., I 

20/200 "'.:IVll"l'J,)2Jlill.:l,.,')nvi,)n1~1'(;1 L(;1t11-n ETDRS chart ~ll'JtI'fl,)IilL~'lJ1.~~.:I 20/160 fi1.JlLLj;J 
., 

LL~'L.lihmL'U'U Snellen chart l.~ij~'J'ein'M~'L.l')(;1ijl'"~'fl.:l'fl')'IJ 
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L(;)!J~fJ hJ1Un11t)(;) fi1fJ 1'-If(;)"1I'tl-:l n1UJ'el-:l L~u~1~fu ~UfJ!J~1!J j;11 L~'elU11-:1 L11"'l ~1~ 
I I "I 

~UfJ!J ~1'-1 Lduj;11 LYI'el1~iin11'-1'el-:l L~u~~~ (;) L11 fi1fJ 1uu;inih~-:I"1I'tl-:l LL~Uj;111!uH tIlfJ!J 1un 1ru.~ 

t".. II.Q cr " cv ~ " I "'01111 IV I ..li PI".d 
~ufJ!J'-In 11'-1'el-:l L~UU'el!J'-I1 n'el1"'l"'l (;) ~ ~1~!J ~'Vl1-:11~~fJ1-:1 ~ufJ!J nu LLe.JUIJ1!Jfl (;)M LIJUfi1N~U-:I 

~1'tl~~-:l1u~nLtIl "'l~~11~~1'-111Clt)(;) fi1fJ1'-1f(;)"1I'tl-:ln11'-1'el-:l L~ULUU~fJ Lfl"1lLtIl ~fJ'el!J1-:1 L"llU 1~ 

~UfJ!J'el~1A1-:1"'l1mL~u111!J 5 ~j;1 ~1n~UfJ!J~1'-111Cltl1U~fJ~m~t1LLClfJ 20/1 00 L~ L11nuu;in 

~1~UfJ!Jiifi1fJ1'-1f(;)"1I'tl-:ln11'-1'el-:lL~ULUU5/100 ~1'elLVhnu 20/400 ,rUL'el-:l n11t)(;)fi1fJ1'-1f(;)1u.. 
" " 

n11'-1'el-:l L~U~ 1~fu ~UfJ!J ~1!J 1111 L~'elun-:lil Ln~mm'-l"'l~t)(;) 1tn~.-i1~ LUU[;;'fJ Lfl"1l LY1'el"'l~1, LUU.. 
, , , 

" ... .!"I. I 'i' .oil ....J co ,~. I ...... .., ...n
"1I'el\Jfl'Vl LIJUu1~ ~!J"llU Un11Lfl'tln Lfi11'tl-:l"JlfJ!Jn11'-1'el-:l L~Uj;1'el bU LLfl~fi1fJ1~fln Lfl!J-:ln11UU'Vln e.Jfln11 

" I 

t)(;)LUU1!UUfJ (finger count) ~-:I'Wfl~LiI!J(;)L.y;!J-:I~'el 
I " '" I

LL~U 111!J ~1,1 un 11t)(;) fi1 fJ 1 '-If(;)1un 11'-1 'el-:l L~Uil iil1-:1 ~ LUULLUU Lfi11'el-:l ~ 1!J fl1 ~ 

(projector) LL~u111!J~hjiiLL~-:I~~1-:11U~fJL'el-:l 'el1"'l~1~fJ!Jn1~(;)1'ft ~fl1~~n ~1'tlL~nL~ e.Jfl 

n11t)(;)L(;)!J1-D' LL~u111!J;i"'l~~unu LL~-:I~~1-:1~ ~'el-:l'-l1~111!J LLfl ~LL~-:I~~1-:1"11'tl-:l~'tl-:l ~fJ!J LLr;iii;)'el ~ 

~'el Lfi1~'elUU1!J LL~u111!JL~~~(;)fJn LL~u;j1!JtimL'JU~1 Luun~'el-:lii LL~-:lL y.J~'el-:l~~1-:1"'l1n~1U~~-:I 

fl1~~1'~1~f'JLL~u111!Jt) (;) fi1fJ1'-1f(;)1Un11'-1'tl-:l L~U'el1"'l LUU[;;'fJ Lfl"1l [;;'fJ€n'ft1 ~'U~n'ftru ~1'tl 

ltJfl1~nL~ fi1fJ1L~'tln 1-n~ L~'-I1~~'-InU~ufJ!J 

n11t)(;) fi1fJ1'-1f(;)1Un11'-1'el-:l L~u1~!J~1n~ L(;)!J~fJLtJU!J'-It)(;)~1~!J~lthu~1!-:I ~'tltJn ~ ~'el 

1~LL~u111!J1A1-:1"'l1n(;)fJ-:lj;11 40 L'1IU~L'-Ij;11 ~1~fU~UfJ!J~1!JI111L~'elU11-:1~'tl1~LnU 40 tJ~1'el~~ii 

u'U~11UL1'el-:l"1l'tl-:l accommodation ~'el-:l1~~UfJ!J1-nLflUI~1~fu"llfJ!JtJfuLy.Jn~1~!J~1n~ 

(reading lens) n1~-:I"1I'el-:lLflUi~L~'-I1~nu~ufJ!J (adding lens) ~unu1~!J~1Un11IthU~-:I 

~1UfJ ruL~(;)!J'el1~!J 1~!J~1~~~1-:1 ~UfJ!J nu LL~u111!J~H''thu L(;)!J ~ j;11n1 ~-:I"1I'el-:l LflUiLVhnu.. .. 

1/reading distance (1~!J~'Vl1-:11'WI.bmuUL'-Ij;11) L"llUtl1ULL~u111!J~1~!J~ 40 L'1IU~L'-Ij;11 1, 

LflUI 2.50 L(;)'el'eltJ Lj;1'elfLUU~u1 ~~UfJ!J'tl1U(;)~1 LLClfJ"1I'el-:l [;;'fJ€n'ft1"11U1 (;) L~ n~~ (;)~ ~UfJ!J~1'-111Cl 
cu" " 'IJ 

tl1uLtIlQn ~'tl-:l LUU"1IU1 (;)1(;) 
" , 

n11uu;in fi1fJ1'-1f(;)1Un11'-1'el-:l L~U 'W~11~!J~Ln fl~1'el1n~1!u"'l~U'eln~'-I~1'el-:lfufl1~~ 

L~n~~(;)~~'tl1U~1'-111mL!JmL!J~11!Jfl~LiI!J(;)LtIl (minimal angle of resolution, MAR) ~tifJ!J 

~1-n un11uu;inii~fl1!J~tifJ!J ~1'-111Cl L~mJnU1~~~1-:1 n11t)(;)~Lnfl LLfl~~1n~tIl r.rn'ltLL~'VlJ 

~!J1'J1fl ~1'el1!nl1 filUWI j;11fil1~ j;1ffi1fJ1"'l~~1 fi1fJ1'-1 A'ULfi1!J LLfl~~1'-111Cl Lm!JU L~!JU e.Jfln11t)(;)
q 

~tifJ!Jr;i1-:11 L~ ~-:I'el1"'luu;imuU1~UU point system, Jaeger system, Snellen fraction, 

. !'I 1.0... '11.0... AI • I ... S'l' 'i'
decimal system L'JUj;1U ~1'elmlll ~"ll1~U1J M ~1'el meter system '1I-:lu1~(;)'ft3 ~(;)!J Slone ~(;)!J 

I 
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.I .. Goo' .. Goo' Goo' .; .., • .I 
V1j;],)'elm~t~~1lJ1~.31'1..l"lJ'I..l1t'l 1 M 'VI~1t.1t:l.:l lJ1')tlm~t~V1~'el.:l~'U~~"lJ'I..l1t'l 5 minute of arc V1~:::t.I::: 

Goo' .. .cIIt. ... ... Goo' Goo' .J..:tl. 
1 L~lJ1~ (j;],)'eln13'~~.:1 1045 ~flflL~lJ1~) 'VI1n~iOl1~ru1lJ1,)'eln13'~'I..l1t'l 1 M V1~:::t.I:::'VI'I..l.:lL~lJ1~iOl::: 

~'el.:lf1J~~Lyhn'U~1t.1m"lJ'I..l1t'l 20/20 ~'el~ 'VI1nL'~')tln13'~;i1't'l~~:::t.I::: 40 L'li'l..l~iL~j;]~iOl:::~tl.:lf'U• 
~~Lyhn'U~1t.1lJ11"lJ'I..l1t'l 20/50 L~'el.:liOl1nn1~1't'lfll,)1~;t'lL'I..ln1~~'el.:lL~'I..l~:::t.I:::Ln~tl1iOl1't'l1~~~:::t.I::: 

lJi1.:11 n'l..l LLfl:::~:::'U'Un1~U'l..li1n"lJ'I..l1t'l~')tfln13'~~:::'U'U Jaeger LLfl::: point system U.:lhJijfih~ 

LLU'I..ltl'l..lun LLe.I'I..l{l1t.1 ~1'V1f'U1' t'l~:::t.I:::Ln~'el1iOlijn1~~:::1.J"lJ'I..l1 t'l"lJ'el.:l ~,)tl n13'~lJi1.:11 n'l..l1~ n1~1't'l 

fll,)1~; t'lL'I..ln1~~'el.:l L~'I..l~:::t.I:::Ln~iOl:::~'el.:l~:::1.J~:::t.I:::~L;'t'I..ln1~1't'l L~~tl 

..l • F.! • ," ., "I .. "I.i' I • ..l.,
m~1.:1V1 2.2 LL~t'l.:ln1~Lu~t.I'ULVlt.I'U'VI'I..l')mt'lfll,)1~"Jlt'l ~'I..ln1~~tl.:lL'VI'I..l~:::t.I::: ~n~LL'UtllJ11.:11 n~ruVl')(;l .I .... 

V1~:::t.I::: 40 L"Jl'l..llJ1L~lJ1~ 

Snellen Metric M 

System 

Jaeger Point logMar Decimal Height 

(mm) 

Example 

20/500 6/150 10.00 J19 80 1040 0.04 15.00 

20/250 6/75 5.00 J18 40 1.10 0.08 7.50 newspaper headline 

20/200 6/60 4.00 J17 32 1.00 0.10 6.00 subheadlines 

20/100 6/30 2.00 J11 16 0.70 0.20 3.00 large print materials 

20/80 6/24 1.60 J9 12 0.60 0.25 2.30 children's book 

20/60 6/18 1.20 J7 10 0048 0.33 1075 magazine print 

20/50 6/15 1.00 J6 8 0040 0040 1.50 newspaper print 

20/40 6/12 0.80 J4 6 0.30 0.50 1.15 dictionary print 

20/25 6/7.5 0.50 J1 4 0.10 0.80 0.75 footnote 

20/20 6/6 0040 - 3 0.00 1.00 0.58 

I ., 

'VI1tl~:::t.I:::Ln~ visual acuity Yl1't'l1,J)U'l..lLtI'I..ln1~'ei1'1..l,J)')t.lj;]1LtJ~1 'VI1'el~1LoffLL~'I..l~1t.1lJ11 L'I..lMru 
, ., 

YlLoff LL~'I..l~ 1t.1lJ11 fll')~U'l..li1 nH~')t.I~1 n1i.:l"lJ'el.:l LL~'I..lU'l..lLtI'I..lL 1'11Lt'l 'VI 1n ~tl':lt.lhIVl~1'Un1 i.:l"lJ'el.:l 
OJ 
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2.3.3 n,,.-il'lt'!JlJI, (Refraction) 

n 1~tjC;)~1tJ (;11 Lij'lJ~,)'lJu~::n'eltl~1 ~fjJ v'h1m~4f'el~fl~1'l...ftl ~U')tJ~1tJ(;11 L~'el'lJ~1~ 
" 

.yh1~Vl~1tl~1~U')tJij~1tJ(;11Cjc;)Un~ (refractive error) L~LLfi~1tJ(;11i'lJ (myopia) ~1tJ(;11tJ1,) 

(hyperopia) \'''1'el~1tJ(;1'"lLtitJ~ (astigmatism) )J1mJ'elm~tJ~1c;) ~~LLfl~1tJlJI1L~'el'lJ~1~!l1IilLtI'lJ 

~.yhn1~tjC;)~1tJ (;111~ntl~u')tJ L'el~'l-"1'el~~1~,j1~tjC;)~1tJ lJI1 (refractionist) ,j,)tJtjc;)1~nL~ ~vh 

" n1~tjc;)~ 1 tJ (;11UIil,)~~1'lJn 1~'eltl~)J)J1 Lc;)tJ L'U't'l1::~1'eliju~::~tln 1~nr~1 'lJn 1~tjc;)~1tJ (;11)J1 

't'l'el~)J Iil,)~ Lrl'el~1il1n ~U')tJ~1tJ (;11 L~'el'lJ~1~~,)'lJ1 ~rY LtI'lJ~~ij't'ltJ1fi~111't'l1 'lJc;)')~(;11 n1~tj c;) 

~1tJ lJI1'el11iltJ1nn~1n1~tjC;)~1tJ lJI11'lJ1il'lJ~,) LU Lc;)tJ~') LUIil::v'h n1~tjC;)~1tJlJI1 LLtltl objective L~ 

Lc;)tJ~fi retinoscopy ~1'el'el11il1~LIil1'el~tjC;)~1tJ(;11~(;1L'lJ~ (automated perimetry) nL~ 

1'lJn1~~ LLfl~U')tJ~1tJlJI1 L~'el'lJn~ Lc;)tJ~') LU~'el~1 n1~tjC;)~1tJ lJI1 LLtltl objective 

refraction L~tJ~'elth~L~m6~hJL~tJ~'t'l'el 1il::~'el~v'hn1~tjC;)~1tJlJI1LLtltl subjective IJi'elLU ~~1'lJ 

.f'lJlJI'el'lJd 1il::1~ tJU')tJ~'))J trail frame LLfl::fl'el~ Lfl'lJi~.yh1m~n1~)J'el~ L~'lJ~~~~ c;) ~fidtJu')tJ 
~ ~. , , 

~1)J1~ClIil::LtitJ~~,J1 ~1'elnfl'elnlJl1LU1'lJr;hLLww~Viv'h1~)J'el~L~'lJL~~Vi~c;) n1~tjC;)~1tJ(;l1'elth~• 
~::~c;)~::tj~.yh 1m~4f'el~fl~ LtI'lJU~::LtJ"ll'IfL'lJn1~~LLflfm~t1 ~U')tJ~1tJ lJI1 L~'el'lJ~1~ ~.yhn1~tj c;) 

~1tJ (;111il')~(;1~,)Iil~'eltlri1gf~"n'el~ LL~'lJ~~u')tJ1~ ~')tJ LIil1'el~ Lensometer (1'lJn~ru~~u')tJii LL~'lJlJI1 

~fl1tJ~'lJIil,) ~.yhn1~lJI~,)liltjc;) 1~~)J c;)) 

2.3.4 n'''lJI'''J~-il'lil'U.'!JlJI' 

L~1~1)J1~CltjC;)fl1'lJ~1tJ(;11L~c;)tJHLIil1'el~ij'el"llilc;)1Ji1~ 1 L~LLriLIil1'tl~tjC;)fl1'lJ~1tJ(;11 
" ~(;1L'lJ~ n1~tjC;)fl1'lJ~1tJlJI1~')tJ~fiu~u')tJ~'el~ijn1~)J'el~L~'lJL~;c;)'t'l'elIil,)~~~Iil::(;1~,)liltjC;)L~LLti'lJ'el'lJ 

" ,
'lJ'elnIil1nu'el11il1W3fi(;1~,)lilfl1'lJ~1tJ(;11~'lJl L~LLri Goldmann style perimeter, tangent screen, 

confrontation test ~1'el1~ Amsler grid ~~ijU~::LtJ"ll,r)J1n1'lJn1~(;1~,)lilfl1'lJ~1tJlJI1~,)'lJnfl1~ 
" 

1'lJn1~tjC;)fl1'lJ~1tJ (;11U ~U')tJ~1tJ (;11 L~'el'lJ~1~tl1~~1tJ'el1Iilij, c;)tl'el(;l'el~ (;1Nnfl1~ vi1 

1m~~1)J1~Cl~'el~~ ~'lJtfnfl1~~~ LtI'lJ.f'lJ(;1'el'lJ~1 ~fjJ1'lJn1~tjC;)fl1'lJ~1tJ lJI1 1'lJn1rud'el11il,j')tJL~ 

Lc;)tJ~C;)L~'lJLL'lJ,)VlLLtJ~)J)J1'lJ~1LL~ti~ 45 LLfl:: 135 'el~Pl1 tJU')tJlil::~1)J1~Cl~'lJlJI'lJ1n1~Pl'lJtfnfl1~. ~ ~ 

~ I ~" .. Q.clI ..... I «i" 0 .etI 
LLfl::)J'el~lJIN ~'lJ~::~,)1~n1~lJI~,)1il ~c;) 'elmfi~'lJ~L~tJm1 blind spot method ~c;)tJVl1LIil~'el~~)J1tJ 

C$ '1" 0 I';~ .Q ~"", .eII.cJ '1l"t11 C$

"n'lJ1c;)Lfln ~')(;1NlJI"ILL~'lJ~VlLIJ'lJ'c;)tl'elC;)lJI1)Jn~)J"ll1lJ1 LLfl::~'el'lJ ~~~U')tJ)J'el~lJINL't'l'elVlIil:: ~c;)~)J L~'lJ 
, " ... ... 

LIil~'el~~)J1tJ'lJ'lJ 

~1~ftl Amsler grid ,r'lJ U~::~~~'lJLc;)tJr.rn'!1LL't'lVltf"ll1,)~~~ Pl'el Marc Amsler 
::. ,. '':!l0 J. J. ':!l ::.
lJI~ LL(;1t1Iil. Pl. 1920 LtI'lJLL[:J'lJn1::C;)1~~C;)1"ll~)JlJI1~1~"ll~)JL~'lJlJIN~"n1')1'lJLL'lJ')(;1~ LLfl::LL'lJ,)'lJ'el'lJ 

_~ .J.cJ...... 0 QJ'cJ.Q I 

LnC;)LIJ'lJ,j'el~~L~fltJ)JIillJ.l~~"n'lJ1(;l,j'el~fl::0.5 L"ll'lJlJIL)J(;1~1il1'lJ,)'lJ 20 x 20 ,j'el~ (LL(;1fl::,j'el~n'lJL'lJ'elVl 
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..01 ... .:;..... 1 'i' ""I ... ,,/ I .... 

fl1'l.l~1tJlJ11 1 'fl~Pl1)Lf'l~'fl'UJ'fl'l.l)Ju~:~tJ"ll'l.l)J1n ~'l.ln1~lJ1~':l~':llJlfl1'l.l~1tJlJ11fl':l'l.lnfl1~ ':l1)J'lJltJ'fllJl 
~ ~ ~ 

LlJl1 'fl~U1~ 'l.l'fln~1ni1 n1~lJ1~':l~i1~:LoJflJ1~':l~1'c;ln1~L,"'l.l1l1ViijlJlLUtJ':l (metamorphopsia) '1~ 

~ 

L'l.ln1~lJ1~':l~1'lJlfl1'l.l~1tJ lJ11 ~U':ltJ~1tJlJ11 L~'fl'l.l~1~t!'l.l f'l':l~:~n L~)J'fl~1 ~U':ltJ)J'fl~ L,"'l.l 
~ ~ 

~lJltln~ VhL~lJ1~':l~1'lJl'1~~LLti'l.l'fl'l.l n1~'flfitJ1tJL~~U':lm~1L~ LLfl:n1~lJ1~':l~~11 ,"fl1tJ 1 f'l1~ 
o "I ~ " ..l I J' ~ .. ".'1 .... .. .... I'" 0 "I ~ ,0 I 

~:'Y11 ~'" ~lJl~fl'VILL)J'l.lm)J1n'!l'l.l'flm~ ~m lJ11)J ~u':ltJtJ1~~1tJ~:)Jn1~)J'fl~L,"'l.l~lJlunlJ1)J1n'VI1 ~,"~)J.. 
~1)J1~C11' lJlfl:LiltJ c;l ~':ltJ Lf'l1'fl~ij'fl j;]1~1 LLj;]'fl1~~:'~~1l1Vifl1'l.l~1tJ lJ11'1~ L~tJ~ f'l11'J1 ~~~:~n 

~ ~ 

L~)J'fl~1 n1~lJ1~':l~ ~U':ltJ~ 1tJlJ11 L~'fl'l.l~1~t!'l.l f'l':l~Vimm)J~~ lJ1~':l~fl1'l.l~1tJlJ11 LL~~1tJ1~ f'l1~~:'1~ 

~1)J1~C1lJ1~':l~'1~nlJ11)J 

2.3.5 n1'li'r;'I contrast sensitivity 

"I ... % "I ""I.!' 1.11 ..l .... Ji' ~ .........." 
~'l.ln1~':llJlf'l':l1)J·JJlJl ~'l.ln1~)J'fl~ L,"'l.l L~1 ~.Jl LL~'l.lu1tJ'VI)JVi'l.li'i'!l1':l LLfl:L'!ItJ'l.llJ1':l'flm~t~lJl':ltJ 

~~1'ti1L~~1l1Vi~~c;ln'l.lntJ~'l.l,"i~'fltl1~ic;lL~'l.l L1tJn~1i:l contrast )J1n LLj;]n11L;{~1tJlJ11'!1'fl~ 

f'l'l.lL'l.l~1l1ViLL':lc;l~'fl)J~1~t!'l.l 111Vi~L~1)J'fl~'fl1~'1~iKlJln'l.lntJ~'l.l,"i~)J1nt!n ~':l'fltl1~L'll'l.l~':l~m~t~ 

~~)JeW~':ltJ,"ij n ~'t\l1'fl1~)J'fl~ L,"'l.l'1~tJ1 nn ~1 ~':l~m~t~~~1 ,"'1'fl ~':l~m~t~~~)JeWtJ'l.ln1:lJl1~~ 
, ~ I 

L,"~'fl~~:)J'fl~ lJl..'1~i c;l L,"ij'fl'l.lVi~)JeWtJ'l.ln~:lJl1~~'!I1':lLtI'l.l~'l.l ~~t!'l.l f'l'l.lVii:l~:~tJ'!I'fl~ visual 
~ 

acuity L'Yhn'l.l 'fl1~)J'fl~L,"'l.lhiL'Yhn'l.lL'l.l~lJ1tl1:~11''l.l ~~t!'l.l'fl1~~'fl~1'lJl contrast sensitivity 
I I J' 

LY/'flL~~~'fl2o!fl L~)J'!I'l.l 

L'l.ln1~~~1~tl.l1~1111Vi~L,"'l.li:l contrast L'YhLlJl L;{~lJ1~~~~ 

Contrast = (L - Lmin) / (Lmax max + Lmin) 

... "I.!'..01 ... ... I ~.l' 
n1~':llJl contrast sensitivity 'fl1~ ~"JlLf'l~'fl~)J'fl':llJllJ11~1 ~l'1LLn 

I 

VCTS 6000, 

... ..01 ... IV..oI ..l .... I 
VCTS6500 ,"~'flLf'l~'fl~)J'fl':llJl'fl'l.l1 lJ11)J'VI)J'fl~ 

'l.l'fln~1n~ 6~'fl1~lJ11':l~~LPlml'l.l1 L~)JL~)JlJ11)Jf'l':l1)J~1LtI'l.l '1~LLrl n1~lJ1~':l~~1l1Vi 
IOtl..r cr ~"I .... 

lJ11 L,"fllJ11 L'!I n1~'VI1~1'l.l'!l'fl~ nfl1)J L'l.l'fllJ11 n11L,"'l.l1l1Vi'!l'fl~ lJ11'V1~~'fl~ L'!I1~':l)Jn'l.l (binocular 

function) n1~lJ1~':l~'lJl'!l'fl~~'fltl~:~1'V1lJ11~L;{r.rtJ1l1Vi(fixation ) n11lJ1~':l~n1~)J'fl~L,"'l.l1l1Vi~ 
"I I I 

LtI'l.l~'l.l 'l.l'fln~1 ni16~ ~'fl~i:ln1~~'fl~1~ntJr.rn~LLVi'VIuiY1'flL~'VI~1tJn1~~1 Lil'l.lL~f'l'!l'fl~ ~U':ltJ LY1'flL~. .. 
I "I I 

I "'''.II.!'1 cr ... .PI .CII .. ct .... .Q
'VI ~1 tJ ':l1111 ':l:'VI ~ u':l tILu'l.l lJ1 fl'fllJl~'l.ln 1~)J 'fl~ L,"'l.l 'l.l'l.l Lu'l.l~1l1 ':l:'VI f'l~'VI ,"~'fl tJ ~~:)J n 1 ~ 

Ltl~tJ'l.lLLtlfl~j;]'tl'1tl (ll~Pl ,"1'lJ'f.JlJ1~1,":,2545: 2-6) 
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.. .. I 

n11)J'fl-3 L~'lJ'lI'fl-3l"1'lJL1'l 'W'lJth'::n'fl'U ~,)u n 1::'U,)'lJn11LtI'lJ~'l ~'U ~-3U ~'fl n1 1Y1 LL~-3~1'fl 

'YHt-3 -3 'l 'lJLL~ -3 tJ'l 'lJ'Cl-3)J 'l n 1::'Vl'U')lJ1 C1 Ld'fl In'l L1'l )J'fl-3 L~'lJ')In mL'Cl:: LL~-3 .;)'fl~L1 'Cl ~ 'l-3 1 Iil:: tJ'l 'lJ L.;)'l ~ 
q q"'~ 'lJ 

~)J'fl-3 ~)J'fl\l~1'l\lJ1'l~~'lJ n'fl'1~\n ~n'l1)J'fl\lL~'lJ ~'flLn ~n'lnJ'fl\lL~'lJ l"1,)'l1-Ji)J~'lJfi~~ ~'fl~\I~'lJ 
I .. 

n'l1i4'n ~ \I 'W'lJLL'Cl ::n'l1f'U.;)'fl3.J 'ClnIn'l)J)J'l 

LL~\I ~'fl~ ~\I\1'l'lJf\l~ (radiation energy) lJ1'lf'UiLL'Cl ::ihJnmu'l~'lJ'fl\l In'fl'U ~')U 
I I I II 

n1::'U,)'lJn'l1fj LM'l::~LLUn LLU ::'lI'fl\l~)J'fl\l .)In C1 ~'fl~\IY1 L1'l f'U~ L~UY1') In C1'W'lJIil:: ~ ~en'U~~\I\1'l 'lJLL~\1 
q 4j q" .. .. 

'U'l\l ~ ') 'lJL.)''Cl ::Vi\l~ ~\1 \I'l'lJLL~\I'U'l \I~,) 'lJ LL'Cl ::U'Cl'flU'1,x~~\I\1'l 'lJLL~\I'U'l\l ~') 'lJtJ'l 'lJLU ~ 1'fl1-J n 'lJ'W'lJ 

.)In C1 U\I ~ 'l)J 'l1C1~ Iil:: L~'fl n LLU 11U LL~\1 LL'Cl ::f\l~ 'fl 'Cl In 1'lL,)L'fl L'Cl'Vl ~ n ~') U In'lfj Ll"1 1'1 ::~LLU n LLU:: 
• OJ' 

~~\I\1'l'lJLL~\1L~U n'l 1f'U~1'flf'Ui.)lnQ i)J~'lJfin'U~'l LLWl.l\l Vi flI'Vl'l\l 1::U::'Vl'l\l l"1,)'l)J L.;))J '11 'fl\l LL~\1 
I I ...... cr~"

LL'Cl ::l"1,)'l)JU'l,)'lI'fl\ll"1'Cl'lJ'Vl)J'fl\l L~'lJ ~~ 

b •.,··-f 
" ,.- i 

J1'l~~ 2.1 LL~ ~\1 ~,)\1 In'l LL'Cl::n'l1f'U LL~\I~~\1 tJ'l'lJLUU\lU1::~'l'Vl In'l L~'fln'l1~l"1,)'l)J~)J'lU 

~)J'l: L';)'l~\IL~Iil'ln www.owlnet.rice.edu/-psyc351/imagelist.htmLL.Cl:: 

http://wps.prenhall.com/hss_wade_psychology_8/30/7714/1974895.cw/index.html 

~)J'fl\lf'U,;)'fl3.J'ClIil'ln In'l L~U~ In'lL~tJ'l'lJm::'U,)'lJn11fj Ll"11'l::~,;)'fl3.J'Cl~~\I\I'l'lJLL~\I)J'lLL~,) 

tJ'l 'lJU 1::;~'l'Vl i)J er~ n'l1)J'fl\l L~'lJ (optic nerve) tJ'l'lJn 1::'U,)'lJn111 Ll"11'l::~';)'fl)J'Cl~~\I\1'l'lJLL~\1 
OJ 

)J'l LL~,) tJ'l'lJU1::~'l'Vli)Jer~n11)J'fl\lL~'lJ(visual center ~1'fl visual cortex) n'l1~1'l\lJ1'l~~1'fl 
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~~1 ijt'll~Vlu~fl1'Vi~~~~~~~~12.J~~~~'W ~~~Lij'W~~~1~ 1 ~~~~I)2.JriU~~1 1urt~~~fl:::i2.Jtr~L~ 

i4'n (recognition) ~~fl:::~~ (realization) t'W~~~'Vi~~,r'W 

llfl'~/'V'l""~~l'Ullfl'~ 

light/light energy 

'" 111tJ 

objects 

111 

eye 

fl'1JtJ~ 

brain 

m7f1'!1~fl1'V'l/m71JtJ~1,1'U 

image formation/seeing 

fI111Jd'1J~'Uti/m7fin 

association/recognition 

m7~f'loi1.J~mJn 

assimilation 
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m1j;J1,)Iil.rj;)Pl~ULL~.:l ~~~utUPl1'~~fIim11~~ 19 Lj;)m'U'Vi1::'tlt11.:l~.:l,rnrJ~ni Lfi~1~ 

U.:l (Thomas Young) "ll1,)~.:ln'l~ LL~::LlIi~LlI~vlen (H.L.F Helmholtz) LL~::n~~ (J. Guild) n 
I. I • .. "I <V.ol::' • <V 'I ~... <V . • 
lJ1::~'l.JtJ~~1 L11il ~ um1~1,)1il')j;)Pl~ULL~.:lPlN~1Plt1J LL~:: ~j;)1'l.Jn111'l.J1'tl.:l1il1n Commission 

International de l'Eclairage ~1'tl CIE. t1Pl.fIi. 1931 Lj;)t1Cl'tlnU~1Ltlum1~1,)Iil.r~~1~131U 

..l ~"''I'" :'I.I ...l.... I ... ~ 
~1~ L~~t1~~'lI ~'tl'tl (CIE. color system) LlJU111'Vi LL~~.:lllJ~1~ L~~t1~~1'tlllJ Ln'tln~1 

1l1L~U'tll.nutlPl.fIi. 1931 ~LM1::~~1il1mLM~LUPl~f~ ~~~Ufin1JPl,)1~t11,)Pl~ULL~.:l '1j;) E 

LL~ j;).:l Cl~~1 LL~ti~'!I'tl~ LL~~ ~'!11')'Vh~n~1~ LL~~ ~ LU Pl ~f~1'tl'UlU Ln'flm~1 Lfl.:lltJ Ln'tln~1 LL~ j;)~ 

.ol ...l ~"''I'" ~ X %. <V ..... <V 
Pl,)1~m,)Pl~UIil1n 400 - 700 mu ~1~m~t1~~en ~'tl'tl ~11~'!IU~1~1::'U'l.JPl')1~'Ci~'ViUfi'Vinj;) X 

LL~:; Y Pl1fYlL=J!t1U (cartesian coordinate system) tU'Vl1~Plrllj;Jfli1~~f 

0.0+--.L.::!~~l89-"""",,----.---.-----r----+------. 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

x 
...l 

fl1'Vi'Vl 2.3 LL~(1l~ cartesian coordinate system 

Ld'flf~~~ijPl,)1~m,)Pl~ulJh~nutJ~~tJ~1UL~1~1nUIil::Lnj;)~ULv1uij;)t'U"ll,)~LLU,)~N'!I'tl~ 

ltJLn'fln~11::~~1~ 700 ~~ 500 mu tl1~1n~1 550 mu ~~ltJ m1tJ~~tJ~1UIil::~(1l~~ tl1LtlU 

f~~L'tln1.:l~ (monochromatic radiation) ~'tl.:l~~tJ1UIilj;)1J1ru1m1 E ~')'tlt11~L"llU 1::~'l.J 490 mu 
q 'lJ 

0­

LL~:: 610 mu IOl:;Ln(1lU11n!Jm1ru~'!I1,) ~1'tl 'tlN~ (achromatic) ~~1'Uj;JN~1~'1(1l C vi~~'tl.:l 

~1U~'tl~j;JN~1~~1'tl~~u1:;n'tl1J ~~INm~tJ11n!J'tl~'l.JtJL~U'!l'l.JLfl~Ln'tln~1 L'Vi11::ijl~LL~(1l~~') 

0.9 

0.8 

0.7 

0.6 

500 
0.5 

Y 
0.4 

0.3 

0.2 .+ 

0.1 
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i(;lLIOl'\.l'lJ'\.lf~~~LU~lJIf~ LL~iJunn!J'fl~lJlN~~400 mu 'lJ'\.lL~'\.l~~'d~ (purple Line ~1'fl 

magenta Line) ~~LtI'\.lL~'\.llJlN ~nnlOl'ln~~~~'d~ 400 mu 1,J~~LL(;l~ 700 mu Lrl'fl~1J'\.lL~'\.l~ 

~'d~ (~~ij1."ll~IOl'lmL~~~LU~lJIf~) tJ~~n1J~~L,J~lJlf~lJlN~'l~nlOl~Ln(;l'flNf>1 (~'ll'l'd~"(;l E) iJ 

~Jl'lYl LtI'\.l~ lilu1~n'fl'lJ~ij 1il'l~'lJ L"ll'\.l -540 540 1J'\.lL~~'lJ'\.lL~'\.l~~'d~~'fltllJlN~'l~~'d'l~tI'l'd~~'\.l
~ ~ 

" lOl'ln~~lJIN~'l~ 3 ~~'ll'fl~tULn'flm!'l~'fl ~'ll'lL~'\.l~'d~L~~ U1~~'lrn 400 mu ~L~U'd 

U1~~'lrn 520 mu LL~~~LL(;l~U1~~'lrn 700 mu ~'fl~IOl'lmL~~~IOl~'ll'l~'ltJ~~n'\.lLL~~ri'fl1.,xLn(;l~ 
~ J' 

'Vl-:l~~'lU"lI'\.l 

"9 .... '1 .... .: ... 'IJ!J' '''' .... 9 ....9..,j ,J' '''' 
L~N~1'l~~'ll'eJ-:l'L'fl'fl'W~ LlPl'll'\.l'fl~n1J'Vl~'rtn~1.(;l'Vl~~!J~~'\.l-:l LLl'l'll'\.l£l~n1Jn'l1'Vl(;l~ltN 

~'\.lI"1~'l'Vl'l-:l1'Vltl'llil'l~lJIf 1~'lJ1Jn'l1~~-A"'fllJl~'l~n11~Jl1Yl~1U Jl1Ylu'\.llJlf L'Vl1~lil\! 1~-n• 
" " L~N~h-:l~t1LtI'\.l~in n11~~Yl1ojf~~1~L~'lIOl'ln~'l'\.l 3 ~'l'\.l 'll'fl-:ll'l.JLn'fln~'lLU'\.l~Y/'\.l~'l'W~'fl ~ 

L~~'fl-:l ~~'l'fl~L~U'd (cyan ~1'fl turquoise) LL~~~LL(;l~'fl~~'d-:l (magenta) L~~~~'l (key) 

lSun':!'l 1~'lJ1J CMYK n'l1'tl(;lJl'lYl Jl'lYlU'\.ll'lfLL~~L'Vl1~lil\! l.-n~~'l~L~'lIOl'ln~~ 3 ~~'ll'fl~lU 
... ".?I 9.t ... 9~ .. 9 .... 9 .... , .?I " 
Ln'fln~'lLlJ'\.l'tlYl'\.l~'l'\.lI"1'fl 'tl'\.l'lL-:l'\.l 'tlL'llU'd ~LL(;l-:l L1Um'l1~1J'lJ RGBLlJ'\.llJl'\.l 

c c ClOO~ 

y y 

M M M1OO'lf> 

Jl'lYl~ 2.4 LL~(;l~1~1J'lJ~ CMYK ~1.-D1.'\.l1~'lJ1Jn1j'~~-A"~lJI~'l~Mj'~ 

~~'l: L;r'lC1~1~IOl'ln http://th.wikipedia.org/wiki/CMYK 
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<k ..~ 
2.5 'n'U.!1'U'VI')'l!t{).... 

Ld~tJ11P!411mL~~n1.~~1~11t1~41:;~~~L~'l.l~1.~ ~j;]1~ 1 ~~~~L~'l.l1.~1~'IJ~'JLn(;l411nn11 
, ,"

;jLL~~~1'l.l~1M:;'Vl'IJ~~L~ihu'l.lLLf/:;~~~~LLtJ1~11411n11~~~L~'l.lf'IJldj'l.l~ j;]1~ 1 LL,j'~1n11f'IJf 

L~ U'J ri'IJ~41dj ~'J 1~ ~~~'l.lfiL 'l.lLon~~ j;J~'VlU1~~ ~'Ju n j;J1~ LLj;]t(;lU~'l.l31'l.lLL~'J n 11f'IJI~~ 
, " I 

.lClII .. I .cI ... I Q;' " - " 

Un~'VlmP!1~j;Jfu~1.~~1~11t1L'1h1.41m1L~'l.l~1.~i~~~(;l LL~'Vl11'IJ~1~Ln(;l411nm1;jLL~~j;Jnn1:;'Vl'IJ
 

M:;'IJ'J'l.ln'W'Vl1~~11lJ1:;~1'Vl (neurophysiological process) "J!~~~1Ut1~,)1n111'IJl'l.l'l.lLnm'1l~~
.... 

" i~1:;'IJ'lJtJ1:;~1'Vl (nervous system) LLf/:;nf
" 

/1.n~·h:; (physiological 
, 

apparatus) 

f/~'IJ'l.lt)j;JQ LLf/:;Ln (;l~'l.lj;J1mU11:;~~1~ LL~~ LLf/:;t)j;JQ n~1,)~~ Ln (;ln11~ (;ln~'l.lLLf/:;m1~:;Vl~'l.l1. 'l.l 
I too I I I I 

'IJ1~"ll'J~ ~ ~'l.lLL~~~~ n~1 'l.l~ n411 n\lu~fl'IJ~1 ~~'l.lLL~~;jiJ ~')1~m'J ~~'l.l~1 n;j~ (;l ~~ LL~~~ LL(;l~ 

, ,"
j;J111~;j 2.4 LL~(;l~m1~m'J~~'l.l'1l~~LL~~~1~i~7• 

o ... " 
'l.l1L~'l.l 

760 - 630 

630- 590 

590- 560 

560-490 

490-440 

440 -420 

420 - 380 

1.'l.l11'JtI fl.P!. 2209 (~.P!. 1666) L"J!~f1.'tlLL"J!~il')~'l.l (Sir Isaac Newton) 1.~~1fij;J1.~L~'l.l 

~1 ~~~~,)'l.l~~~'ll'tl~LL~~m~lJIU t(;lutJ~~u1.~~1LL~~m~lJIU~~~~1'l.lLL'VI~LL!f'Jm;~ LL~~41:;trn 

L~ Lfl11:;LLf!1')m;~iJm1~~'l.l1LLtl'l.l~1nn~1mn1p! LLf/:;Ld~~1LLMtrnL~~1'l.lm;~n41:;tJ11n!J 
" LtI'l.l~~LtJ~j;Jf~~1~~t~ (spectrum ~1~ rainbow color) ~~ ~~'J~ ~~11~ ~U1L~'l.l ~L~m ~ 

, , " 
L~~~~ ~~~ LLf/:; ~LL(;l~ LLf/:;Uj~il,)~'l.limL'VI~LLn')tf1;~reln~'l.l~n~~1f'IJLL~~~LtJ~lJIf~ ~i~~~(;l 

n 1,)~ ri'l.lLtI'l.l~'1l1'J 
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JllVi~ 2.5 LL~tJl,:jm~'YltJl~'fl,:jm~t-n~ILL~,:j~'fl,:jeh'l.lmi~LL~:;LL~,:j,.rnLVltJ~lnnLtJ'l.l~~L,Jf)j;Jf~
 

~~1: Jim Ames, 1996
 

~~1 : L;)ln,:jHi'lOlln http://www.gisthaLorg/about-gis/electromagnetic.html 
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L~'flLL~~lJInn1:::'V1'lJt'-JL~f)~'!I'fl~~~''l1 'V4~~~'l'l.l'lJ'l~~'d'l.lIil:::~~n~'l.l~Iil'lnLL~~'lJ'l~~H LL~::: 
'" II "'..t.......cJ CI';; .....eII ':J.ciI 'l"
cr

~:::'V1'fl'l.l~'lJ'l~~hn..J1'ln!lL~'l.l'l~ 'V4'l.l~'d'dlJlQ'V1L1'lL~'l.lLiI'l.l~LL~~ L'V41'l::: 'dlJ1Q~~n~'l.lLL~~~'fl'l.l 'd 

~:::Vf'fl'l.lL~'V4'l:::LL~~~ LL~~'fl'fln'-J'l '3'lJIQ~'!I'l'dIil:::~:::Vf'fl'l.lLL~~~'YJn~ LL~:::'3' lJIQ~ ~'l Iil:::~ ~n~'l.l'YJn ~ 

iflil~tJ~~'ltJiflil~tJ~ij~'V1fi'V4~l'i'fln'l1~~n~'l.l~ 'l"j~'lIil:::LtI'l.l~mtN:::~'d~1'flVilil'V1'l~'!I'fl~LL~~ ~'l.l'l~ 
OJ 

n ~'l~ LL~~'fl'lVi lJ1UIil:::ij LLlJ1n l'i'l~ hJIil'ln~'fltlt 'l.l~'-J LL~:::t'lJ'l~~t~'l.lLL~~Iil:::ij~~~'dtJ~'l'-J 
OJ 

~~t1'l.llJ1:::'3''l.llJ1n~'-JLVi1~-D'l.lil~ lJiL'l.lPll~lJ1lillJ1'd11M~ 19 t.l1:::vi'lJtliln'lJLL~~~ LL~:::~'l.l'-J'l 

L~m.lfl'l'V4lJ1'l'-J~'-J'fl~ L~'l.l '-J'l n n~'l L~tJ'l.lfI'l'V4lJ1'l'-J~~ ~ ~~ LtI'l.ln'l1t.15 L~fin'l 1~ Pl'd'l'-J L".D~~ ~if t)J t)J'l 
I I " I 

(intellectual interpretations) ,r'l.lL'fl~ Lij'flL1'l'-J'fl~ L~'l.lU'l'l.l~LLML1'l,rn1:::'lJ'ltJ~ LL~~vi~~'-J~ ~~ 
I" "I"

Pl'd'l'-Jlill~LL~'d Lij'flLL~~lJ1nM:::'V1'lJ~~,r'l.lIil:::ri'flt~L~'l.l~LL~~~~'ln~~'ltJ 1'd'-Jvi~~~'l.l1 'lJ'l.lt)lJ1Q,r'l.l 

~'dtJ ~~t1'l.l~'-J L'V41~-D'l.lil~ lJ11il:::1:::'lJ'ltJ~ lJ1'l'-J~'-J'fl~ L~'l.l~'fl~ LL~~~~'ltJ L~~~ nt-rl L~tJ~~ LL~~t~~ 
.J .... 

LL~~~'l.l~lJ1'l'-J n'l1'fl~'-J'l'l.lL".D~~ ~if t)J qj'l Lvh,r'l.l 'l.l'flnlil'l n,r'l.l~~t1'l.l~'-J L'V41~-D'l.lil~ lJ1'-J'fl~it.l'V1N l'i'l~ .. 
1 i'-J~'l.lfin'lJ LL~~ LL~:::~~'l.l1:::ti'lJ1:::U'lJ n1:::Iil'ltJfI'l'V4 ~'dtJn 'l11:::'lJ'ltJ~ LLlJ1:::LLiJi''-J LtI'l.l1'd1'flm~ n 1 .. 
L~'l.lLL~:::'!I'fl'lJit.l'V1Nn'l~1:::'lJ'ltJ~t ~Pl'-J-D~ L~ij'fl'l.lfl'l'V4 L~tJ'l.lt 'l.l'fl~ lJI L'V41'l:::Pl'd'l'-J Pl'-J-D~L -rl'l.l,r'l.lij'fl~ 

t 'l.lPl'd'l'-J~~ nt-rlt'l.ln'l 1'-J'fl~ L~'l.l'3'lJ1 Clvl'l'-Jn ~'l~fi11'-J"ll'l ~LL'd ~~'fl'-J t 'l.ln1:::'lJ'd'l.ln'l1'V1'l~ ~'-J'fl~ LL~'d• 
LtI'l.ln'l1LLt.l1~f1'l'V4t.11:::vi'lJtlil (visual impression) t~tllJ1Nt'l.lt.l1:::~'lJn'l1N1~ni'-Jer~ (sensory 

experience) .. 
n'l1~~'-Jn'l.l'!l'fl~LL~~t'l.lm'-J'lNl'i'l~ 1 n'l.l ri'flt~Ln~~LL~~ ~,j'lL~'l.l LL~:::~L~tJ'd t5'l.lLtI'l.l 

n'l11'd'-J~1'flL~'-Jf~~L;r'l'-J'l~'dtJn'l.l ~L~~h~ L1tJn~'l ~~'l.l3'l'l.l'lJ'dn (additive primary colors) .. 
~1'fl ~i~LPl1'l:::tr'lJ'dn (additive synthesis colors) ~~nn'l1;j~'l'-J'l1Cl~'lfilJ1t~L~'l.l'lm~tJ~'lmL~~ .. 
~'!I'l'deJ'l'l.l~~LlJ1'flfLtJ~'l~'l.l (gelatin filter) 3 ~~'fl ~~LlJ1'flffiLL~~ ~L~m LL~:::~'I1'lL~'l.l ~~LlJ1'flffi 

, .. 
LL~~Iil:::t.I~'fltJt~~ LL~~ eJ'l'l.l'lt.lt~tJ ~ ~n~'l.l~~'l.l 1 'l~ LL~:::YJ ~LlJI'flffi L~tJ'd LL~:::~'I1'l L~'l.lnlil:::t.I~'fltJ ~ .. , 
L~mLL~:::~'I1'l~'l.lt~eJ'l'l.l'lt.l 'lJ1L'dN~LL~~fi~~'-Jn'lJ~L~tJ'dnlil:::Ln~LtI'l.l~L~~'fl~ 'lJ1L'dN~L~mLL~::: 

.. ,"
~'I1'l L~'l.l~~'-Jn'l.lnlil:::Ln~~Y1'l'tl'-JL~tJ'd LiJ'fl~ LL~~~~'-Jn'lJ~'I1'lL~'l.lnlil:::Ln~ LtI'l.l~ LL~~'fl'-J"j'd~ LL~::: 

I "" I

'lJ1L'dNfi~LL~~ L~m LL~:::'I1'lL~'l.l ~~'-Jn'l.lvi~ 3 ~ nlil:::t.l1'ln!lLtI'l.l~'!I'l'd ~~LL~~~t'l.lfl'l'V4fi 2.7 .. 
~'l~f'lJ~~'l.l3'l'l.l~'lJ (subtractive primary colors) ~1'fl ~i~LPl1'l:::tr~'lJ (subtractive 

• ~ _'.1 .... ~ ~....J ... ~I

synthesIs colors) ~Tl'l'fl'-J L"1ItJ'd ~LL~~'fl'-J2-J'd~ LL~:::~ L~~'fl~ '1l~ Ln~Iil'lnM:::'lJ'd'l.ln'l1~'lJIil'ln~'!I'l'd 
, .. 

Lij'fl~~ LlJ1'tlffiLL~~'fl'-J"j'd~~'fl'l.l~~ LlJ1'tlffiY1'l'fl'-J L~m nlil:::L~'l.lLtI'l.l~'I1'l L~'l.l ~~ LlJI'flffiY1'1 'fl'-J L~tJ'deJ'fl'l.l 

~~LlJ1'flffiL~~'tl~nlil:::L~'l.lLtI'l.l~L~m LL~:::~~LlJ1'flffiL~~'tl~~'fl'l.l~~LlJ1'flffiL~~'fl'-J"j'd~ nlil:::L~'l.lLtI'l.l~ 
," , 

LL~~ LL~:::Lij'fl'd'l~~'tl'l.ln'l.lvi~ 3 ~ Iil:::L~'l.lLtI'l.l~~'l ~~LL~~~t'l.lfl'lVifi 2.8 
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d " 
Jl1Y-l'VI 2. 7	 LL~~'l~YJ'lJS1'lJ1.J'm ~1'e)~i'lLIil11::~l.JfJn 

, 
~ 

'VI~1 : Amy E. Arntson, 2007 

yellow 
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fifnJ"ll1~ri'eln1Lil£;l~i'l.l~'l.l,,:!£;l..:!'UJ 13J~141~LtI'l.l~'lI'el..:!\1'el..:!rh iJI'l.l1~ £;l'eln1~ LL~fl..:! 

~'U~ru "1fl"1 ,,;J'elLL~LL~~i'l.l411nlJL'lI11yJr~Lij£;lnL£;l£;lLliI'l.l,rn ~~1ffi"L'el..:!nf~n~r1..:!~rr~'el!.h..:! 

~'Jt.I..:!1~ 13J~141~LtI'l.lLL~..:!~L'l.l..:!1'l.lUr~~~1nrr~ ..:!1'l.lL'-l~nJ1 ~'el L'Vlr\ifilu "1fl"1 'l.l'eln411mr1iOl~ 

~u~~i~w'l.lfi nULL~..:!~1..:! 1 LL~'J Lr1~..:!'el14141~~U~411nUr1n!lmmr~1..:! 1 ~'elfiU1t.11~3J 

-n£;lL41'l.l~n~'Jt.I L"JI'l.l mr~Lr1L,"'l.l~411nmn~~mL~~t.I~£;l mrL,"'l.l~L'l.llil'J1~er'l.l ~1'elmrL,"'l.l 

.n1~.n1t.1~~..:! (after image) ~'J'el~1..:!L"JI'l.l ~~..:!411nmrLYi..:!~'el..:!1u~~LL£;l..:!inlili LL~'JL~'el'l.l~1t.1I?11 

1U~..:!nr~£;l1~1'Jn41~Ur1n!l.n1~.n1t.1~~..:!~I?1N;h~ Pi'el ~L~m'El'el'l.l~'l.l LtI'l.liJI'l.l ('Vl£;lfl'el..:!~~'l.l 1) 
., 

LL~Ur"ln!lmrnrL~~hi141~'elfiu1t.11~mn LL~n~'el41~mh'J~ttJ1~nt)1..:! 1 ~1 ur1n!lmrnr'll'el..:!~ 

4l~Ln£;l~'l.l411nU~mt.l1'l1'el..:!U1L'JnJfu.n1~~1'elLr~'l.l1 (retina) L'l.l1?11'l1'el..:!Lr"l r'J~~..:!u~mm 

~'l.l~'J'lI'el..:!t)I?1Cl~..:!i~w'l.lfinULL~..:!• 

2.5.1 'VIq'l!tiji 
4l1nmr'Vl£;lfl'el..:! LLfl~~'l.l~ULL~..:!~ LU lill?1f~'lI'el..:!il'J ~'l.l ~'IJ~1 ~1'l.l~~..:!'lI'el..:! LL~..:!~ LU lill?1f~Pi'el 

~ .... ... II ~... ~ .., ... II ~.I...I~ I ....... 

~lilr1~ (Indigo ~r'el blue-purple) LLfl~'eln£;l1'l.l~'l.l..:!lil'el ~LL£;l..:!"ll..:!nfl'l.lL'lI1 blJ·~~~'J..:! 'l.l'JI?1'l.l 
., .,., 

~'el..:! L,"'l.llil'J1~i~W'l.lfi'll'el..:!LL~..:!~ LU lill?1f~\i..:! ~'el..:! ~1'l.l ~..:!1~il1 LL~..:!~ LU lill?1f~\i..:!~'el..:! ~1'l.l,r'l.l~1'J1..:! 

~'eln'l.lL 'l.l'J..:! ~ LLfl~L'lI1 n~U~1Ufl1t.1 LL~..:!~ LUlill?1f~~..:!~'el..:! ~1'l.lLrl'elil1~1 ~'eln'l.lLL~'J 4l~1~~~ L~ £;l 

~'l.lPi'el ~3J'J..:! L£;lt.l~~3J'J..:!ii~.n1~ LtI'l.l~ L~'el~~'el L'l.l'J..:!~ 

'Vl~~lJ~U'l.l~'l.l31'l.l~LL£;l,,:! ~L~~'el..:! ~J1L~'l.l ,r'IJ~1LtI'l.l~ilt.l~n'l.l~1nL'l.l!Jbu "JI'J..:! 
I II II I I 

lil1~j;ffilmrr~Vl18 ~LL£;l,,:! m~'el..:! il~IL1'l.lL'l.l'J..:!~L1t.1n~1 ~~~n~1'el~f'l.lVi~il..:! (primary colors) 
I I '" I I I 

;..:!L;'eln'l.l~1~L~fhi113J~1~1rCl41~t.J~~411n~~'l.lL£;l1~ Lij'elil1~I"iL£;lI"i~il..:!'lI'el..:!~~~nt.J~~n'l.ln41~1~.. .. ., , 
~f'l.lVi~'el..:! (secondary colors) Pi'el 

~L~~'el..:! + ~J1L1'l.l = ~L~m 

~L~~'el..:! + ~LL£;l,,:! = ~i~ 
., 

~ LL£;l..:! + ~il1 ~'l.l =~3J'J..:! 

., ., 
(tertiary colors) Pi'el ~L~~'el..:! - i~ ~i~ - LL£;l..:! ~LL£;l,,:! - 3J'J..:! ~3J'J..:! - il1~'l.l ~il1L~'l.l- L~t.I'J 

, 
LLfl~~L~m - L~~'el..:! ~..:!LL~£;l..:!L'l.lfl1~Vi 2.10 

L~'elfLijfl?1 ~. ~yJ6 (Herbert E. Ives) 1~'el'elmLUU'J..:!~~m..:!~~..:! ~1~fumreJ~~~U'el~ 
.Ji' ~ ~ ~.... ~... ~.IA ... ~ , ~....... ~I~ ..r...J 00 

LLfl~L'l.l'el~ b£;lt.lm~'l.l£;l~~fln 3 ~ lil'el ~l11'el~L'lIm ~LL£;l,,:!'el~~'J..:! LLfl~~L~fl'el..:! 'l.lnm~n~'Vl'Vl1..:!1'l.l 

L~mnULL~..:!n41~n1~'l.l£;l~~~nPi'el ~LL£;l,,:! ~L~m LLfl~~J1L1'l.l U1..:!'Vl~~nnn1~'l.l£;l~~'l.l31'l.l1?11~ 
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I " I I " 

fl1~Vi 2.9 fl1~'J.:I~'el~~lJJ.J'lJ1L~U Herbert Ives LL~~.:I~'i'lJVi,";j.:l (~LL~.:I ~L,"~'el.:lLL~::~,j1L~'lJ) 
'" ,

LL~::~'i'lJVi~'el.:l 
,... 

'Vl~1 : Amy E. Arntson, 2007 

I II. I 1111 ", 

fl1~Vi 2.1 0 fl1~'J.:I~'el~LL~~.:I~'i'lJVi~1~ Vii.!Ji'r.l1nm1eJ~~~'i'lJVi,";j.:lLL~::~'i'lJVi~'el.:l 
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n'W~'fl~L~"kl"n'fl~~,*~u[;\'flUnJ"ll1~~~LL'J{;)~'fl~ L"ll"kl Yl~~D~"n'fl~'fl'fl~v1'J'fl~~ (W. 
I ~ 

Ostwald) ,rmli1il~~m{"ll1'JLtJ'fl1~"kl~~';1"'"kl{;)~".in 4 ~ ~'fl ~m~'fl~ ~L;lm ~,j1L~"kl LL~:;~LL{;)~ 

".1'fl'J~~'if'fl~~"klL'1l~~ (Albert Munsell's Wheel) ~~';1"'"kl{;)~".in".1'fl~~1~C\JH 5 ~ ~'fl ~LL{;)~ ~ 
~ I 

L"'~'fl~ ~L~m ~,j1L~"kl LL~:;~~l'J~ ~~LL~{;)~1.'W'l1YiYi 2.11 

..l 
Yl~1 : Amy E. Arntson, 2007 

'J~ ~Yl n'J~~nlil:;';1"'"kl{;)1.~~ j;1 N;J1 ~~~illi1'J1 ~ LLj;1 n [;\1~ n"kl-n{;) LIil"kl dj"kl~ lOiU1:;n'fl1J. '" 
(complementary) Ld'fl'J1~~ ~u1:;n'fl1JH~'JtJ n"kl [;\1~ nlil:;~in ~"kln"klLL~:;n"kl1.~{;) {;) L(;)"kl~~~"kl 

~"klLtI"kl~1l1Yi~i{;)LLU~Yi1'fl~n"kl (simultaneous contrast) ~~LL~{;)~1."kl1l1Yi~ 2.12 Lrl'fl~~~~~ 

U1:;n'fl1J L;J1 ~'JtJn"kl Iil:;i.~~ LLn~ LYl1".1'fl~{;)li1'J1~ L;J~;r"kl~~ LL~:;'l1 ~~~~ lOiU1:;n'fl1Jm~1 ru 
'" I ~ 

1.n~ L~tJ~ n"klnlil:;Hf~n~1~ (neutral) ~'fl hILL~ {;)~in~ru:;~1.{;)~".~~1."kl~ lOiu1:;n'fl1J,r"kl ~'J"kl~ 
'" 

i{;)LLU~~1JL~'fl~ (successive contrast) Ln{;)1il1nIl1YiIl1tJ".i~ ~~L11""'fl~~'fl~i.uiI~~1.{;)~".~~ 
~ ~ 

LL~:;".i~1il1 n,r"klnlil:;~'fl~ L~"kl~ j;1N~h~ ".1'fl~ ~U1:;n'fl1J j;11~~1 U11n!ln11nJL"ll"klilLn {;)1il1 nn11 

"ll {;)L"lltJ'if'fl~~1tJj;11 Ld'fl~ ~U1:;n'fl1JLLtJn n"kl'fl~ LritJ~~1.{;)~".~~ 111 L11'J1~~ LYl1 n~1~ (neutral grey) 

J' '9.ol1 '9 ::. .1 ~ ~ .., t- t- '9I 

£N1J"klYi"kl~ L"'~'fl~ ~ LYl1 n~1~"kl"klIil:;LL~ {;)~lJ11 n!l n11ru~'fl'fln~'J~ ~"klYl1~ j;1N n"kl'if1a.J m L11'J1~~ 
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L'VI1m:l1~U'W~'W~~'J~ ~L'VI1m:n~n'"l~LL~IMtl11n!ln11()J1'fl'flnL~~'fl~ ~~Li~I'W~~tl1~n'flU"1I'fl~~ 
., , 

~'J~ LL~~'"l~LL~'Mtl11n!ln1mrL'll'W;jriu~~tl1~n'flU~'W 1 ~'Ju 

•
 

••/... ~ ~ '. I J' .... .... .,J.,... ~ .,., 0 

L'll-nL1~ (M. Chevreul) b(;ln1~'W(;l~~u1~n'fl1J"1I'W'fln~m~t()J~~'W~(;l'Ju I"l'fl ~LLUn(;1N"1I1~ 

(split complements) ~~Ln(;l'"l1n~m1~L(;l~~ti~ I"itl1~n'fluriu~ 2 ~;r1~~(;1N;r1~ (~1U-"1I'J1) 
'lJ ., ., 

L'll'W ~LLUn(;1N;r1~"1I'fl~~L~~'fl~ ~'fl~LL(;l~~'J~LL~~~-W1L1'W~'J~ (~'"l11()J1'J~~Vi'W31'W L~~'fl~ LL(;l~ 
., 

LL~~-W1 ~'W) 

tl1 ~'"l11()J1~~ 1"l'J1~i~~'Wfi"1l'fl~~L'W'J~ ~ Ln L'1U n~1 1"l'J1~ n~~ n ~'W"1I'fl~~ (color 

harmony) ~~Lu'Wn11Hf~~~LL(;] 2 ~~'WLtlL~n~~n~'Wri'W '&'l'J'W~n~~n~'WL'flnN~ 
I I tI II 

(monochromatic harmony) LU'Wn11Lejf~ L~U~~L(;l~~i'l~ ~~;j-w1~,rn'el'fl'WLLri~~1U-W1~,rn L~ 

n~~n~'Wri'W ~n~~n~'W1"l~1uri'W (analogous harmony) Ln(;l'"l1n~~'fl~Ln~L~mri'WL'W'J~~ L'll'W 

n~~~~~ ~L~~'fl~~~ LL~~~L~~'fl~ LU'W~'W ~n~~n~'W~1~L~1 (triad harmony) Lu'Wm1Lejf~ 3 ~ 

'"l1n'J~~ t(;lm'i4Yi1~'flth~~~ ~~1~L~1"11'fl~~~'W~~~~ ~~'W~~'fl~ LL~~~~'W~~1~ -W1~1L~1'J~ri'W 

'W'fln'"l1 ne u~;j LL 'W'J~ (;l L~U';lriun11Lejf~ ~(;lri'WLL~~n~~ n~'Wri'W~n~1 n~1U~~1U LL'W';l ~(;l ~~ 

ri'flL~Ln (;ltl1~tU"ll't!riu,rn'fl'fln LLUU~1'fl~~tJ'W(;1~'fl(;l~1 



ngLI1t-l~"'~ N~"~t-ijlt.nij~L\!1~ij~ M.11lJ.~ nlfo' (apBLjS) ~mL\!1~ L~Uf1t' ~UrL~U~k1.L!1-L~ULr1.' ,. 
t-~~U~k1.L!1- (n,Vl1ij~M.fLtn~!(\" ~t-ijlt.~t-ijIt.U~k1.L!1-n~, t-ijl111ij/i t-~k1.~~t~!(\" ~n~,ijt:' gUg~ ~ 

• 1'1 II 1'1 I I 

iji,k1.l1mWijijU~ nlfo' ~t-L/iijnlJ'~t-~£ln ~rugLUI1~~gfL~~~I1~k1.L~) nJtlnlJ' t-lJft~I1~k1.L~ULI1 
, I 

I1jfW~k1.L!1- t-ij~k1.'~I1~k1.L~ULl1nij~U~k1.L!1- t-~k1.~~t~t-ijlt. (aniBA IBJnlBu) ~ LlJ.l1ggg~U~k1.L!1-
II II I II 

iji,k1. (aAIBA IBWJOU) ~UfL~U~k1.L!1-I1LglA.~l!,~ LIA.'~I1~~gl1,VI1f1~' LI1 (!(\"~t-ijlt.) L~IJLIt.M.LLtLtt ,. 
~t:3" L~IJLIt.M.LLtnlJ\~\ t L t-L\4l!(\"~M.LLtf1LPf1~l Jt'W"~I1'vJn~I1J~tLIA.'~t-ijlt.~U~k1.Lttn~k1.~t:3 ,. , 

gLUI1LIJI!1t:3fLmnLI1L~Lg, (nJ~ULl!,Ir1LgfLt-~~) Jlt-gij L~Uf1£lLg, !(\"~ULl!,Ir1LgfLt:LIA.'~I1~~g 
I ,. 

nl1~ (Jt't~U~k1.L!1-f1ij~iji,k1.I1~f1IJJt'I1~iji,k1.)U~k1.Ltt 6 iji,k1. L 's nlJ'~l!,l!,Lij U~k1.Lttf1Lt:3k1.L~ ,. ,. ,. 
~~fLt IJLIt.~U Ll!,U~k1.L!1-~tt-~ (alBos AaJ5) LIA.' ~11~~grL'vJn~I1JI1LIJI!1~~U~k1.L!1- t-t1'k1.~~t~t-ijlt. 

II I II I 

(ssau>pBp iji,k1. SsaulLj5!1) ~" - n~~iji,k1. U~k1. - LmI1LIJI!1I1'vJn~I1Jt-~~ij~ ~U~k1.L!1-, ,. 
LI1I1L~ Lnij~l1l1~ru~ ..., ­

~U'k1.tijUt-u. nL~nM.~nlJ'~t:3" ~tnij~ijgk1. IJLIt.~ L~~ULl!,Ir1LgfLlA.glA.~gl1t-~"~ t-Uf1LI1k1. 
'=' 15 I ~ ,f p; p;;' rP' ~ 0 ~ F'J=' '=' p; p 

t-~"!(\" ~ fLt Uijijt-L\4l ~L\!1 ~ ~,~tl1~t:lJt'ttSt-,@t-~ t-t1'k1.~~t~~IA.~-tI1~iji,k1.n~,~ij~ !(\" ~ 
" ., 

(Al!sualU!) ~t-ijlt.l1jfmLIJI!1~t:3" (anIBA) ~U~k1.L!1- (anLj) !(\"~ ij~ ,. 
~11~ru~ £ H (AlJadoJd JOloo) ~t-ijlt.~l1l1~ru~Uf1"Jt'tg~blA.f1Lt:3k1.ij\4lf1Lt:3k1.~g~blA. 

•
!t'@'Ilo~ItW.YUld (;'S'(; 

LOOG 'UOSlUJ\f '3 AWV : LI1IA. 
!"" .. 

Jlt-gUijm~UI1t:3U~~t:3" n,Vf1L~l!1n~UI1t:3U~ I1Ljft-g~Uf1"~ l1ijU~gfL\!1~t-~~"M.LLt GVG ~M.LLt 
I 

~£ 

mailto:t'@'Ilo~ItW.YUld
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(maroon) ~'e:l~1"11LLri"ll'tl.:l~LL~.:I t'Wm1eJfUJ~ m1eJ~~~"lI1'Jti'tl~LrJi'~1"11'el'e:l'WLL~:;eJ~~~~1~:;LrJi'~ 

1"11 uri 

lil'J 1 ~ L;r~"lI 'e:l.:l~ n £j lil'J 1 ~'VI ~1 !llil~ 1!1 tiu 1"11 ~ (chroma) 'VI1'e:l ~J11Yl ~~ ~'J"lI 'e:l.:l ~ 

(saturation) ~.:I LtI'W~J11Ylu1fiVlt"ll'e:l.:l~LL~~:;~ LtI'W~~L~£j1"11~LVI1 L~'e:ltl'W lh£j1"11~ LVI1 L~'e:l'e:l~n 

t1'e:l~1 LtI'W~~£jm1~ L;r~~1 (low intensity) L~m't4Yl1:;'e:lti1.:1~.:I1"11~LVl1'V11'e:l~LVl1n~1.:1~'WLn~~1n 
," " 

m1eJ~~ti1J~LJlN;r1~ eJ~~ti1J~LVl1 ~"lI1'J 'VI1'e:l~~1 LL~:;~lil'J1~L;r~~1L'VI~hil L1!1n~1 1"11~lil~1 
I "" II 

(tone) lh~~11ru1~V1t-n'e:l~t'W~LJltl1:;~1t)'WL"ll'W ~U1LJ11~ ~U1LJ11~L;r~ ~Lil'e:l (tan/~LLVI'W) 

~'J'WLtI'W~~ lil'J12-1 L;r~ ~1 

" " 
Lil'e:l~'VI1'e:lN lilt)LJlQ (pigment) ~'e:l~~11'V1~1!1"llil~V1~1'Wm11J~ LtI'W~'WeJ.:I LY4'e:l t -n LtI'W~ 

o 0' "* iI 0' ... ~ ~ ~ I 0' .t ~ 
~1'V111J1:;1J1!1'V11'e:l!l'e:l~ L11~n~:;LL!lm1!1n~LJl1~~'e:leJ~~~(binder) ~1nm1~n'ftru:;"lI'e:l.:lL'W'e:l~ 

~'e:l eJ~~~n~'e:l~'Ju~ ~ ~L~'e:l ~ L;r1Lt)rJi''J !I ti'W L"ll'W L~'e:l~~ eJ ~~ti1J~1,r'W~'W~ ~ n L1!1n~1~~1,r'W 
" " 

eJ~~ti1JU1m'Jm.:l'VI1'e:lti~'e:l:;11Ulil nL1!1n~1~U1 LtI'WlA''W 

t'W'e:l~LJI~'VI~1!1~LnLrJi'~1~1n~'W 'VI1'e:l~1nVlfYlmn1t111~"ll1~~'W 1 1'W~,rm1'e:l'W1l~'tl.:ll 

L1!1n~'VI~1!1~~1 ~~'W (earth tone) L~m't4Yl1:;~~'W~LrJi'~1mij'e:l.:lSiena LL~:;Lij'e:l.:l Umbria ~'e:l 
I '" II II 

~V1L11l4'nti'W'e:l~'VJnt)'Wiln~'el~U1LJ11~1'e:lrfL~!I'W'W1(Raw Sienna) 'VI1'e:l~U1LJ11~1'e:lrf~~L1J'e:lf 
d ~~ ... ..olo~ ~ ill~iI"'" I~ 

(Raw Umber) ~.:ILtI'W~'W1LJ11~fi11~"ll1LJ1 LL~:;L~'e:l'W1btl'e:l1J~'Wb'VIm'VIlil1~L"lI~ n~:;L1!1m1 ~ 

" " 
U1LJ11~Lijf'Wl'1L~!I'W'W1 (Burnt Sienna) LL~:;~U1LJ11~Luf'Wl'1~~L1J'e:lf(Burnt Umber) ~'VI~1!1~LrJi' 

" I 

~1nY4"ll LL~~.:I LL~if~"ru'Uil~~'J'Wt'VIC\JLrJi'~1~1n M:;1J'J'Wm1V11.:1 Llili1 ~.:I'U'eln~1n~:;ri'e:l t ~Ln ~~ 

~'W'VI~1n'VI~1!1 LL~'J U.:ILrJi'lil'J12-1 L;r~"lI'tl.:l~ LLj;]~:;~ n1:;r.h.:l-D~iln rJi''J!I 

..ol .t ~ , iI iI .~ .~0' 

L~'e:leJ~~L'U'e:l~LJl1.:11 L"lI1~'J!ln'W l.J1~1ru"ll'e:l.:lLL~.:I~:;~~~.:I l.J1~1run11~~~.:I"lI'e:l.:lLL~.:I 

A' ,0'... iI .t ~ I ~ %. 0' It" ~ 
"lI'U'e:l~n1J"lI~n11~:;V1'e:l'WLL~.:I (reflective capacity) "lI'e:l.:l L'W'e:l~ LLLJI~:;~ LL~:; lil'J1~ ¥'l~Yl'Wfi"lI'e:l.:l~ 

I ~ .r ~d* .. ~ i.I i.I.d .., ~Go' I 

L'VI~1'W'W L'U'e:l~V1~ lil'J1~ ~~Yl'Wfi~.:I~ ~~:;~ 'lJ L~!I n11~:;V1'tl'WLL~.:I'U'e:l!lVlfi ~ m1eJ~ ~ n'W"lI'e:l.:l~ ~ 

" 
tl1:;n'e:l1J'VI1'e:l~LJlN;r1~ lil'J1~LLLJlnj;]1.:1ti'Wt'W1"11~~:;ri'e:lt~Ln~m1l{)~-n1JLL~.:I~'e:l ~n~1.:1 ~.:I,r'WVl1.:1 

~~~~~t'Wm1~~1"11~'VI1'e:l~J11Ylm1~:;vr'e:l'WLL~.:In~'e:l m1L~~~LJlN;r1~L;r1Ltl ~1.:1'eltim1L~~1"11 
q ~ 

~ O~l"i' ~o I ..:.~o 0 iI~ O'~..J 1"* ilA' 
~ LVl1m~~:;V1"'1b~ b~!lm1eJ~~~~1 LLLJlm1LYl~~~1~:;V11t 'VI'W1'V1'Wn~ Ltl~!I'W tllil'e:l L"lI~"lI'U 

~LVl1~'WLn~~1nm1eJ~~"lI'e:l.:l~~tl1:;n'e:l1J ri'e:lt~Ln~~J11YlL.:I1~i1Yli.:l (vibrant shade) 

~LVl1~.:ILn~~1nm1eJ~~1:;'VI~1.:1~~1LL~:;~"lI1'JLL2J~:;LtI'W~n~1.:1LL~~LVl1~1n~l"1tl1:;n'e:l1J~:;t~~ 
~ 

I ," 

n~1.:1V1LL~~.:IliiJnJJ11Yl'VI~1n'VI~1!1in~ru:; ~LVl1U1L~'W ~LVl1'e:l'elmL~.:IL"ll'W ~LVl1V1t~lil'J1~l~n~'U 



33 

~ ,~ 

dj'lJ~'lJ 'lJ'flnlil"l mr'lJLL~'J m 1e.J~IUJ~ IOltl1::n'fl'lJ'lJ"l\lIOlU\IL~~ n~"l\lVi'fl'fln l.t1'V1"l\l~U"l (;l"l ~)J"l nn ~"l ~ 
OJ OJ 

I ~ ~ 

L'VI"l~n ~'JU ;\I~'fl'fl nU"l (;l"l~iU1L~ r1 ClJI1"lYl~'lJ'l-t~"ln'l-t~"lu ~'Jm "ll'lJn'lJ ~'J'lJ~ n~"l\l'fl'flnL'lJ"l'l-t1'fl• 
J"l (;l"l~Iil::LL~~\ltl1"lnnm1nJ)J"lnU'flULrlU\IL~ n~'lJ'fl~ n'lJm)J"l ClJr1'J"l)J LL(;ln lJi "l\l)J"lnU'flU"1I'fl\l~ ~ 
... I ..

I 
0 Sol" IV

lJ1::n'fl'lJ'VI'lJ"l)J"l e.J~)J L"1I"l ~'JU n'lJ 

2.5.4 t1l1'W'!I!l1!1~,)'!I'i).:Ji 
I ~ 

m1L-D~ ri'aL~Ln ~ r1'J"l)JI~ n"1lfJ"lU ~'J"1I'fl\l~1.~'l-t~"lUi nMClJ:: ;\I~I1"l Yl m1"11fJ"lU (;j'JU'lJ'fl"l1il 

Ln ~~'lJIil"l n~'lJ~~LL~ ~\lI1"l'J::L1'fl\l LL~\I~ (iridescence) t11::mmL~\I (luminosity) ti'J LiI'lJ~'lJ 

(luster) 'l-t1'flL,J~\lL~ (transparency) 

m1H~L~l~nL1'fl\lLL~\I~ LiI'lJm11::'lJ"lu~'l-t1'flL-D~L~Ln~~I1"l't'H1'fl\lLL~\I~t\l 'l-t1'flL'l-t~'fl'lJ 
I ~ 

LL~\I~r1~"lun'lJ~~n LL~~\I~I1"lYl~::Vf'fl'lJLL~\I~lJi"l\l 1 ~\I~t\l 'fl"lm1L1'fl\lLL~\I~ L"ll'lJillil::ri'flL~Ln~ 
,,'§ .... Jr..lJ'~".!"I .... 04.1 .... 

r1'J"l)Ji~ n"1lfJ"lU (;l'J'lJ'lJYl'lJ'VI"1I'lJ L)J'J"lIil::LlJ'lJ\I "l'lJ'fl'fl nLL'lJ'lJ Iil (;l1n11)J 'l-t1'fllJ1::(;l)J"ln11)J 

m1L-D~L~l~nijtl1::mu LL~\I LiI'lJm1~1"l\lI1"lYl~'J\IL~m n'lJ~L~I~nL'l-tij'fl'lJn'lJ~"lij LL~\I 
I I Jr .... .odI.!"1 ~ ,~ .... ~I '"I".... "'§.I J'

'tl."l'lJe.J"l'lJ'flU'lJ'lJYl'lJe.J'J 'l-t1'fl LlJ'lJm1 L~'lJ"l'l-t'lJn~'fl'fl'lJLLn L'l-t Ln ~ r1'J"l)J1~n lJ1::mu LL~\I"1I'lJ 
OJ OJ 

m1L-D~L ~l~ n~"l ti'J LiI'lJ~'lJ 'l-t1'fl LL~~\I ti'J~ LiI'lJ~'lJ 1il::"ll'JUL~ Ln ~r1'J"l)Jl~n"1lfJ"lU (;j'J"1I'fl\l~ hJ~"l 

Iil::LiI'lJm1Lr1~'fl'lJti'J'l-tU"l (glaze) L'lJ\I"l'lJ~(;l1n11)J \I"l'lJ'fl'flnLL'lJ'lJL8Ji1"lijnl 'l-t1'flm1L~'flnL-D1'~~ 

ti'J LiI'lJ~'lJL'lJ\I"l'lJtl1::~)J"l n11)J LiI'lJ~'lJ 

m1H~L~I~n~"lLtI~\I L~ 1il::~'JU m1~1"l\lI1"lYl~'J\I'l-t1'fl~I1"lYlLtI~\lL~lill\ln (;l"l)J L"ll'lJm1 

1::'lJ"lU~L ~l~n L,J~\I L~Iil"lnltl'VIN'l-t~\l1.t1~~nltl'VIN'l-t~\I t11::~)J"ln11)J Yl~"l~ ~n m1~IHtl1u~ 

L~Ln ~~I1"lYlLtI~\I L~ t11"lnnm1nJL"ll'lJeri'flL~Ln C;)r1'J"l)J~ n"1lfJ"lU (;j'J"1I'fl\l~'lJ~ ~'JtJ L"ll'lJn'lJ 

2.5.5 ~91~'VI!l1'!1'i).:Ji 

ff"l L1"l~\lLn (;lm1nJLL~~\lr1'fl'lJL~f(;lnlil::Yl'lJ~"l 'lJ'flnlil"ln LYl~\l1'flnlil::ije.J~ L'lJL:n\l~(;l'i'VItJ"l L'lJ 

'e1t.l~ n1::~'lJ'l-t1'fltl~ n L1"lL~~~'lJ"ll)J1'J)Jvr\lUn1'fl\l,rn ~'lJ(;l1L'fl\l Ln C;)r1'J"l)J l~ n ~'lJL~'lJLh Llil LL~'J 

r1'fl'lJL~f(;l1'flnu\lilu)J L-D LL~\I ~~'lJLLtI~ n LL~:: L1"l LIil"ll'JUtI~ n L1"ltl1::~'lJm 1ClJ1~ n~)J er~"1I'fl\l ~"ll)Jt1n 
• OJ OJ 

~'JU LL~\I~ij e.J~ L'lJL:n\l~ (;l'i'VIfJ"lL'lJ~'lJ~Iil::t1~
q 
n'fl"l1)J nJ"1I'fl\l r1'lJL~~'lJL~t.lt1'lJ~hJ1~"l1.~'fltl "l\l ~~\I'l-t1'fl 

L'lJ'VI"l\l(;lNn'lJ;)"l)J L~'flri'flL~LnC;)r1'J"l)J~\I'lJ Lli\nLli\1"l n1.~L"ll'lJn'lJ 

un~ (;l'i'VItJ"lI~~"l~\I r;1"l\l 1 LLlJi~::~ijYli\ltl~nL1"lm1(;l'fl'lJ~'lJ'fl\l'VI"l\l'fl"l1)JnJ (emotional 

responses) 'lJ'flnlil"lnfJClJI1"lYl~"l'lJ~'lJ 1 LL~'J ~6\1ij~ClJ'l-t1:JiiL:n\l~(;l'i'VItJ"l (psychological 

temperature) 'fl~L'lJ(;j'J"1I'fl\l~'lJ L"ll'lJ ~LL~\I ~~)J ~L'l-t~'fl\l L~r1'J"l)J!~n~'lJLL~::~)J~'lJfin'lJ 
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~	 ~ 

LL~'1'el'l~ (;lU~1'el'll'l~U'l L~'lJ~1'el~ L~tJ':ltf2-J~'lJ€n1Jth U'l ~'el'lvh LL~~t ~l"1':l'l2-Ji~nLU'lJ LtI'lJ~'lJ 

~~t1'lJ 1!n'el'elnLLUlJ LL~~,rn~1'l'l~rr~nr~'lJ':l'lJLL'lJ'lJ (stylist) LrtJ'lJiLL~~dht~ t'lJ~'el'l~(;l'i)'Vlm 

L~ tJ':l n'lJ ~ l"1 ':l'l2-J tf2-J~'lJ€r~~~'l'l~ n'lJtI ~mtJ 'l (;l'el'lJ ~'lJ'el'l'1l'el'l2-J't~U LL~ ~U'ltl r~ ttJ'1lU~ 'l n m r 

LrtJ'lJiLL~~tlr~~'lJmrw1t1~h'l~rr~'1'l'lJ~~tI~ ~1'el'l'l'lJ'el'elnLL'lJ'lJ 

t~tJvt':l'ltlLL~':l ~~'lJ~~tI~m1'l (stimulate) LL~~~LU'lJ~~~'el'lJl"1~'ltJ (relax) ~h1!n'l'l'lJ~ij 

e.J1!'1LL~~~ll'lYl LL':l ~~'el2-J~ LU'lJ~~"ll':ltJt ~ Ln~mr~n ~'el'lJ LLlJ1(h LtI'lJ~~t ~ l"1':l'l2-J!~n~'lJ Yl1!n'l'l'lJ 

...... "J' J ... , 9 "~ "''l J ... 
~~n r~(;l'elr'elr'lJ'1I'lJ L2-J'elLr'l'1l'lJ e.J'l'lJH1~ LL~'1 l"1':l'l2-Jl~ fit'lJLLNM~j;.j'lJ~~(;l'l'l tI~ 'lnL2-J'el Lr'l'1l'lJrCl 

I 9 0 ... 
~ 

O.oQ .::II " ," cv.,.Q " ... 9" ~ " ~ ... IIIIdI "~ .,
e.J'l'lJrCl~~'l~r'el'lJ'lL'I'lJ ~r'elLL2-JLL(;l~'el'lYln'lJnn~'l ~'el'lYln~r'el'lJ~~~~l"1':l'l2-Jl~nnr~(;l'elr'elr'lJ~'lJ'1ltJ 

'1l'lJ~2-J'lnn~'l~'el'l~n~ LU'lJ LtI'lJlIf'lJ 

LL2-J':lLL~~~1!'1I(;l'l'lJ'el~~ LLj;i LL2-J~'1n ~'lJijtl~mtJ'l (;l'el'lJ~'lJ'el'l1J1'el~ LtI'lJ'elth'l~ fJ'I~~~U~ ~2-J 

LLlJ1'1l'el'lJdh'ltl~'l~LL~'1 ~ ~'l LL~~~J'l ~'lJ l"1'lJ~LL~~'1~~~':l2-J'1l~~'1I'l':lL~'el~~nL~tJ'I~'1 LLj;)tl'l L'1I'l 
OJ q 

~':l2-J' ~~ df2-J ~'1~ ~L;J'l2-J'lt2-J ~'el"1 L'1I'l ~':l'lJLL2-J ~'11''lJhl'1l'a1J~J'l L~'lJ ~ J'l L~ 'lJ~ 'I LtI'lJtlr~ LtJ'1lUn'lJ 

~	 ..." "J'..J ::. ''I..J, " 
LN'I'l'lJL'lJ'el~r'elr'l'lJl"1'l L'lJ'el'Vl (;l'l'el~ ~'lJ'Vlt~'1LL~'1 

~'l~1'lJl"1'lJLr'l 'lJ'eln~'lntlr~~'lJmrnrtB'lJtln ~~~ti'el t~Ln ~tI~mm 1J1'el~ 1J1'l'l 1 i':l2-Jn'lJLL~':l 

tI~mm(;l'el'lJ~'lJ'el'lt'lJL;'1U~L~nLL~~,Jr~~'lJmrnr'1l'el'lLLj;)~~l"1'lJ U'lti'at~Ln~tI~mmLJi'el~LLj;)~~~ 

- -~ A.I ....2.6.1	 n1,mUIn~n.lj;J1a.1"'l'l!t£lll'!l'il.:lL'!lnL'ft 

9~ ... 1;'... .............. 'l" 9 J
~'ln~Yl'lJ~'l'lJ LL~'1 L~~'a'l 'lJ'lL'I'lJ LtI'elrL'lJr(;l 'el.'ell'l~ (Herbert E. Ives) ~L~'lJ'a~LYl'elmr 

Yl2-JYl1~tJt.Jf~LL~'1'el2-J)J':l'l LL'Vl'lJ~LL~'1 LrtJn~'l anchlor ~L~~'el'lt~LL'Vl'lJ~L~~'el'l LrtJn~'l zanth 
~ ~	 ~ d 

LL~~~U'l~'lJL'Vl'elfl"1'eltJ~~1'el~u'l~'lJ'lJn~'1 (peacock blue) LL'Vl'lJ~U'lL~'lJ LrtJn~'l cyan '1l'lnvht~ 
I	 I" I I 

1~'lJ1JmrYl2-JYl~~'l~1'lJ~'1Yl2-JYl1"'1l'lYl~2-J~1'l (;l'l2-JVI LtI'lJ'el~'1I W~U (m rYl2-JYl1'"LYl2-J ~ ~'li) n~il'l ~ 

r':l2-JLtI'lJ 4 ~ ~'el ~LL~'1'el2-J)J':l'l ~L~~'el'l ~Vl'l'el2-JL~tJ':l LL~~~~'l mrL~2-J~~'lnL~'elL~2-JJ'l~1!n~ 

~1'el L,J'lJt~ll'lYll"12-J-n~~2-J~1'l) 

mre.J~2-J~'1I'el'l~~t1'lJL~'elt ~~~~t~ ~'1 ~~ LtJ l"1 (;l12-J~1'el~ {'I 'l)J'el1~ e.J ~2-J t ~ Ln l?I~ 'lJ'l'""'':ltJ 

~~'lJ~'l'lJ LL~'1 L~~'el'l J'l~'lJ Ld'elt1'el'lJ'ltlU'I':l'l~fJl"1L~2-JLLm'1l'el'lL2-JL'1l~ LLtlfi~ t'lJU l"1.Iil. 1766 

LLtI"~n~'l':lL~'el'lJ~'l mre.J~2-J~~'lJS'l'lJL~'elt~"'~n~'l'l(~i'lJ~~'el'l) ~~'l"'~~~ntlm 1I~2-J~~~'l 

Lr'l ~'el'lmr~~2-J ~l'l'el~~ LL~'1 e.J~2-J~ L~~'el'l~~'l"'~~2-J LLlJ1tl'lU'l~ LL~'1~2-J e.J~2-Jn'lJ~ L~~'el'l ~2-J~~'l"'~ 



v~"G ~M.LLm\t-14~" t-~ n~14lon~1n,V14~ t,f1.11n~'~\11.£r~l!,~11t1-1 t,f1.1, ~n,Vn,V14~14~~I1ij,1T. 

n,V14~~ij,t-Lt,t-L~UIf1"~~U.!l-k1.L!\ij,~' ij,~ (pajJa palnlJ) ij,~~ij,g14!i,gLUI1.£k1.L~IU~L~~k1.1nJtlnl:}' 
I " I 

~l!,l!,Lij,Jn~I1~JUgL U[jU Lgrn,V14~gLU n,V14 ~14 ~~ij,t-Lt,n,Vt-L~ U~" ~U~k1.L!\~t-~~ij,~' 
" I , 

£~"G lA. 
l"" 

M.LLJn\t-14~"t-~ U~U~lI1Lt,~~\t-~ 14~~t-L~UI1LlA~ij,ij,~t-L~~L~[jULgr~~" t-L~~~t-L~UI1LlA~ij, 

ij,~'14~L~[jULgr~l!,LlA.,~~n~ t-L~t-L~t-L[iij,t,~I1L~ t-L~~~t-ij,IT.t-L~~t-ij,~gLut-L~uI1LlA14lon~,~l!, 
I I " 

lA.l1n' t,f1.1'I114I1~~~" U~U~lI1Lt,~k1.' t-~ (SJOIOO >jJBp) 1411~n' 14l1'on141nk1.'~l!,lA.l1n' t,f1.1111 (SJOIOO
I'=' 1'5 ~ I'=" rP~ P S;1'5 1'5 " .,r;, II ~ I D I'=" 1'5 ~ I'=' 
I I 

145!1) t-L~~~~ (ssau145pq) t-L~~t-ij,~I1Lt,~t-ij,IT.Jn~I1~JUgLU[jULgr~t,Jtln,V14~gLU 
I .. 
"t,~~LM.tMJn~I1~t-L [iij,n,V ~t,Jtl [iij,t-L t,~ ~ G ~n~, t-ij,l1gLU t-ij,lT.rLij,U~grJft-ij,M.LLJI1.£~l!, 

I 

Lg'LI1ij,~~~" (JOIOO JO I\llsualul) ~t-ij,IT.I1~'I1Lt,~~M.~lA.~~t,JtlUg"t-.£~M.LLJI1.£~l!,Lg't-ij,IT.LIf1 n,V 
" 

14 ~~ij,t-Lt, n,Vt-L~U~"~~'1n,VL lA' ~U~k1.L~~t-~~I1l),m.£~l!,Lg, t-ij,IT.L~ n,V14 ~~ij,t-Lt, n,Vt-L~U~" 

~~'1n,VLlA'~U~k1.L!\~t-~~rm" G ~rm"ij,tk1.~l1m, G n,Vt-L~U~k1.L!\~t-~ ~11l)"~r~t-ij,I1Lg, 
iii I "I I 

Lj(" L~ (lSBJlUOO snoauBllnwls) "Jn~I1~JUgLU[jULgr~t,Jtln,V14~gLU" t-~t,L~u~£Itv1.lI'o' 

~t-ij,lT.n~UI1~UI1Lt,~gLUU~k1.t-~n~~, 

lA.Ug" 11~'~ij,~t-nk1.nn, I1L~lA.gL u~gn~~" 14~ij,'~~~14' ij,lA.U l)gLu~n~I.4I1UgnM.I1Mt-1re (aJnlX!W
I'=' I P; ~ 1"0 ~ I'=" I v ... ~,. I" c; ,-o.,g 1"0 :.f" 1P' 
I I I 

JOIOO IBnS!!, JO 5MB\) n~, t-ij,I1~I1LIf1~I1~t:I~LU[jUt-~~LI1~ij,t-~ Ug" 11~,g.fOl.~lA.ij,~t-~k1.nl:}' t-ij,~ 

~~LU~~r ~t-ij,lT.n,V14~M.LLJ~~~"~t-ij,IT.JU~Lu[juL~rt-~nl!,'14lot-L[iij,~LI1~ij,~Lunl:}' U~"~LU~~r 
I 

ij,~ n,V ~t,JtlnLJtl £ n~, lA.LI1lA.I1t-14 ~"Jtl~~I1~' ij,~t-.!l-k1.t-~ (~t-ij,lT.n,V14~~~'1n~UI1~U~LUUJk1. 
" , 

/SJOI08 JO lSBJlU08 pUB I\UOWJBH JO saldpuPd alU) SJnalnOO sap aUBllnwls lSBJlUOO 

np !Ol BI ao ij,~ij,~t-~k1.n~l:'~£Itv1.lI'o' (~tLrt-gUUBn) U~lt,~r~t-~t-~lt-~~'ij,~~~I1~M.ij,IA.lA.fLtl1 
I I I I 

nl:}' t-~ (SUilaq08) ,n~111 Ull1~M.~I1ij,~Unt:l'ULU~t,nL~~nl:}' t-Lt,IT.t-LMUt-L[iij,M.~Lij,~~~" 
I 

11.£11ij,~~LUI1.£JtlW~g.fOl.~lA.u~nl:}' (688 ~ - 98H "InaJAalO aUl5n3 lalPIV\l) ~£Itv1.lI'o' 

"-~"- (anlq lIBqOO) ~~ij,I1~lnt'L!\~ (aupBWBJlln) 
" 

ntLI1L~If1~jnt'L!\~ (Mollal\ uowal) nij,I1~'t-ij,~k1.'~ (a5UBJO wnlWpBO) 11~~'14~" 
" 

11~~ (uO!l!WJaA) n~~'t:jij,t,'t-14,,~nl1'~l!,L~rc~ nt'L!\~ t-ij,~k1.'~ t-14"~ULl!,ij,Uk1.1Uij,n Jlo\LI1 
" 

Ln~~\14~nj~Lk1.t-ij,JtI~l!,nu~~ Ln~~IA.~tl1~"~~~" t-t,rc~ Wl:'~I1,Vt,~~1njJ.'lJ "L~U~~t-14" 

9£
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• 
Jl1Vi~ 2.13 Jl1ViLL~(;).:IlA''J'tlfh:1n11lA'(;)n'lJrJi''Jf.nJ11n!Jm1Ni2.J~'lJfi ~'J12.JL;r2.J"lI'tl.:l~1.'lJ~L,..~m.J 

r.t~f~lU L~ nVJnl,JLVl1n'lJ,..1'tlSj~'J12.J~'tl.:l~~1.:1 LVl1n'lJ LL~U11 n!J~1 Ld'tl,j11.U'J1.:11J'lJ~'lJ~'fl'tl'lJ"l~l 
" J'

'J1~'J1.:12.J1n"ll'lJ 

Jl1Vi~ 2.14 Jl1Vi LL~(;).:Im1lA'(;)n'lJrJi''JfJU11n!Jm1Ni2.J~'lJfi i.:l Lnl?11'tlfJ~'tl~.:IL1I'lJ2.J1"l1nm1~ 

"lI'tl1J~i2.J~'lJfin'lJ 

1. 'lJn 11lA'(;) n'lJ iJi' 'J fJU n n!J n 11Ni2.J ~'lJfi"ll'tl.:l ~ I:J ~ n 1~'VI1J"lI 'tl.:lJl1 Vi Jl1 fJ,.. ~.:I L11 'lJ 

U11n!Jm1N~ L11~12.J11f.1i.:l Ln l?1 L~'lJ1.iJi' L11'tl1"l"l~i.:l Ln l?1"l1nJl1Vi~"lI1'J ~11. 'lJLi1'tl.:llA''lJ t(;)fJm1 
I I II 'I 

~'tl.:l2.J'tl.:l1.u~.:I~V\n1,..'lJ(;)Hi n ~i LL~'J eJ1'lJJl1ViVl L11~'tl.:l2.J'tl.:l,r'lJ1.u~.:I~~'lJ LYl'tll?11'J"l ~'tl1J 
_QQ .d .ell .J~.J ~ 0 Q~..1 '3 1..1I 

U!J n 1fJ1'V1"l~l?112.J2.J1 L2.J'tl Ln LVi.:l2.J'tl.:l'VI~ L"'~fJ2.J~ (;)1 LL~ ~2.J~ L"'~fJ2.J~"lI1'Jl?1Nn ~1.:1in ~l (Jl1Vi'VI 
I I I I I 

" .... " ""~ .... ~o .... .. ""~ .... ~ 2.15 ) LL~'J L~~'tl'lJfJ1fJ~1 fJ l?112.J1fJ.:I~ L"'~fJ2.J~ (;)1 'VI 1.:1 "lI 'J12.J'tl L11"l~L"''lJJl1ViJl1fJ'''~.:I~ L"'~fJ2.J~ 

J' 
"lI1'JU11n!J"lI'lJ 
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• 
, 

111ViVl 2.15 111ViLL~f;l..:ln11Lnf;l111ViI11t1\!1~..:l 

., 
eJ~m~'Vl1J1il1n~·W1Vi~f;ln'W~'tl..:l~~..:l "n11~f;ln'W~'JtlU11n!ln11nri~~'WfiLL~~ 

, ,., 
U11n!ln11N~1JLU'tl..:l"LtI'WU11n!ln11nrVl'tlfi1J1t1L~~..:l{j~'tl LLNm~~'W'Vl1..:ln11~'tl..:lL~'W (visual 

., , 
stimulation) ~'tl..:l,j1\!1\rn~ \!I1'tl~tf;l~\!IU..:lLf;lm'UVi1~Iil~ri'tlttXLnf;lUnmtl1j;1N;r1~(opposite 

., ., 
reaction) 111ViI11t1\!1~..:l~'tl..:l~LLf;l..:l ~'tl~,j1 ~'WL~m t 'W'Vl1..:l n~1Jn'W111ViI11t1\!1~..:l'll'tl..:l ~,j1 L~'WL~t1'J 

~'tl~ LLf;l..:l 111ViI11t1\!1~..:l"1l'tl..:l~ L\!I~'tl..:l ~'tl~~'J..:l 111ViI11t1\!1~..:l"1l'tl..:l~~'J..:l ~'tl~ L\!I~'tl..:l "1~"1 tlU1..:lL1n 

.... ~ , ... ~""I ~~.k ... 
j;11~111ViI11t1\!1~..:l"1l'tl..:l~j;11..:l 1 'tl11il1il~ViIil11N11il1n~j;1N'lI1~1 ~'W'J..:l~ (~Vi'W~1'W Uf;l..:l L\!I~'tl..:l LL~~ 
., 

,j1 L~'W) LL~~~1 LtI'WIil~IA''tl..:l'Vlf;l~'tl1J111ViI11t1\!1~..:l1il1nU1~~1Jn11nrj;1NVJn~ ~ j;1N;r1~ijL"ll'Wn'W 

LL'W'J LU~~Iil~~f;l t~ LL~~1Jl~'Vlt LLlJIL~ LU~t1'WLLU~..:l fl1"11'tl..:l~ LLcVf 

~1\!1f1J~~ijt"ll~j;1N;h~n'Wt'W'J..:l~ Ldm1..:l~n'Wlil~ijeJ~n1~'Vl1J~..:ln'WLL~~n'W fil~1t1n1J~1 
., , , 

111ViI11t1\!1~..:l LVltl'W~LU L"ll'W UjtlL11'J1..:l~ L\!I~'tl..:l LL~~~~~ L~t1..:l~n'W (\!I1tltl11il1il~~'tl..:l~~1J LU'tl..:ln'W 
, ., , 

nL~) ~~'J..:l~..:lLtI'W~1il1nI11ViI11t1\!1~..:l"1l'tl..:l~ L\!I~'tl..:l (~'J..:l+~~) t'W'Vl1..:ln~1Jn'W ~,j1 L~'W~..:l LtI'W~ 
,., ., 

1il1nI11t1\!1~..:l"1l'tl..:l~~~ ij LL'W'J LU~VlIil~'Vi"lttX~ L\!I~'tl..:l LVltl'WLu~~'tl'flm~t1'J (greenish/,j1 L~'W + 

,
 
111ViVl 2.16 111ViLL~f;l..:ln11'Vlf;l~'fl1J111ViI11t1\!1~..:l1~\!I~1..:l~L\!I~'fl..:lLL~~~~~
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1:;'VI~'1~~LL~~LL~dhjl)~ ~ L~m~~ LtlW'l'1'YiJl'1tJ'VI~~~'fl~~LL~~ ilLL'lJI)LU~~Iil:;'Vi'1 L~~tll)~ 

L~tJ 'lJLtJ ~~'fl'fl n~'1 L~'lJ (bluish/ L~ tJI) +tll)~) LL~:;~ L'VI~'fl~ ~~ LtI'lJJl'1'YiJl '1tJ'VI~~~'fl~ ~tll)~ il 
'" 
I '" 

LL'lJI)Lu~ViIil:;'Vi'1 L~~LL~~LVltJ'lJLtJ LtI'lJ~LL~~ L~'flf;jL~tJ'lJ (L'VI~'fl~+LL~~) 

I '" , 

~'1'V1 f'lJ~Jl'1'Yi m 1~~ri'lJ ~~il r.J~lJI'flll'1 'VI,rn~ ~'1~'11Cl ~~ Ln lJI t~\\iJ'flll'1 ~~~ '1~ LL~:;~iJ ~~'1 

L.jfil)~ri'lJ ~I)'lJ~Jl'1'Yim1~~ri'lJ~~il r.J~ lJl'fl~LLYl ~'1~'11Cl~~ Ln lJIHi'Lrl'fl~ LL~ ~~ l"ll)'1~i ~ LIil'lJL'lJ~I) 

~'fl~,r'lJL'fl~ 

1il'1 n~'fl~~ Ln lJI~'fl~ L"llrJ 13'~ ~Jl'1'Yim1~~ri'lJ~'lJ'fl~ri'J~'lJ~'VI1'fl~'lJ'1 ~~'fl~~~~1)'1~ ~ri'lJ t'f'1 

J'.cJ"" cv 0 cv lI .. """" :: cv~ 9"" AllI

'Yi'lJ'Vtnl)'1~~~ lJI'1n~~'11)~'1 l"ll)'1~LLlJInlJI'1~~ ~LLtJ~'fl'lJL~~~'lJL'lJ'lJ'1'V1'lJn~LL~:;~ LL'Vl Iil:;~ r.J~ n1:;'Vl'lJ 
, '" I 

lJI'fl n '11~ 'fl~ L~ 'lJLtI 'lJ'fl th~ ~'1 n L'lJVi n~~ '1 I) -~'1 LL~:;~ lJI N ri'lJ~'1 ~ ri'lJt/'fl ~il'Yi ~~ Ljil ~'fl'lJ t 'VI I) 

(dynamic) ~'1 n ~n'Vl'1~'VI~~ ,h~'1wwn~'VI1'fl~~il jill)'1~ LLlJIn lJI'1~ ri'lJ ~nll'1~'1 t.jfil)~ ri'lJL'lJ~'lJ~ 

L~n 1 '~L~'lJ ~I)tJl"ll)'1~'Yii'1 L~'fl'lJ~'fl~~'1tJ lJI'1 jill)'1~i ~ LIil'lJ~~~~ ~LL~~ LL~:;~ L~m~~ LtI'lJ~ ~~ri'lJ 

uj'fll)'1~'flt/Plri'lJlJll)tJLLNi'lJ~:;LYl'fl'lJ (vibration) LL~:;LLN L~'lJ (impulse) ~LL~~ LL~:;~ L~mri'flL~Ln ~ 
"'''' 

, <OIl .1 ~~ ~ ..r 
jill)'1~'Yi1'1 L~'fl'lJ LL~:;LL~~~1J1'1n!)m1CU~'lJ'1lJ1'1~ ~l"l~'lJ (muddy brown) ~'lJ 

L"llrJLi~t~~'lJ'Yi'lJ'VI~njill)'1~n~~n~'lJ~'fl~~ LL~:;t~L~'lJ'fln!)Lncu,rlJl'1~ 1H LL~:;L~'1n~hl) 

~ '1 ~ LLlJl~ :;~ill"ll) '1~ ~ I)tJ~'1~ L~'Yi '1 :;~I)~'fl~,r'lJL 'fl~ l"ll)'1 ~ n ~~ n ~'lJIil:; Ln ~1il'1 n jill) '1~ LLlJIn lJI'1~ L'lJPl'1 

~'fl~~Iil'1n~ L~mri'lJ Ln ~1il'1njill)'1~ LLlJIn ~h~L 'lJ~ LLYl ~~'fl~L 'lJn~~ L~mri'lJ 'VI1'flilPl'1~'fl~~~~~'lJfi 

Ln ~ LPltJ~ri'lJ ~I)'lJ~ LL~~ LtI'lJ~ lJI1~~'1~ ri'lJnlil:;~~n'lJ'flt/'1~t'lJLLN 
<OIl " ..,

jill)'1~n~~n~'lJIil'1n~Jl'1'Yil"l~'1tJn'lJ(analogy) 

1. jill)'1~n~~n~'lJ~'fl~~'1 ~'lJ~ (scale) ~~il~'1wwn~~~~'lJfiln~LPltJ~n'lJL'lJ~ LLYl~L~~ 

I I '" 

2. jill)'1~n~~n~'lJ~'fl~~LLYl ~~LtI'lJ~Vil"l~'1tJri'lJLL~:;illl'1'V1,rn~Ln~LPltJ~ri'lJ 
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3.	 fil')')~mUJn~\,l"fl~~~~,)~fil~fl'lJfil~~ (dominant colored light) t\,l~,)\,l,)\,l~'Vlfnn~ 

~~i1fil,),)~LL(;ln~h~n\,li~~LL\"\L~~~,)'Vlt!n~ ~VJn~i1~h'elfl\,l (tint)
 

fil')')~n~~n~\,l"nn~ll')~~(;ln\,l (contrast)
 
I	 ., 

1.	 fil')')~n~~n~\,l"nnm~~(;ln\,lt\,l~,)~'lJ~ (scale) 'i~i1'1l,)'Vlt!n~LL(;lnfA')~n\,lLlJi\,l-n(;lt\,l~ 

LL~t(;l~'Vlii~ 

2.	 fil')') ~n~~n~\,llin nm ~~(;ln\,l"fl~~LLVI ~~LU\,l~~i1 fil')1~l~~\,lfin\,l LLlPiij~,)'Vlt!n~ 

LL(;lnlPi')~n\,lLlJi\,l-n(;l (LL~~ij;)n~fl~fil,),)~'lJl~rVlf"1lfl~~LL(;lnlPi')~n\,l-n(;lL~\,l) 

3.	 fil,),)~ n ~ ~ n ~\,l~,) nn ') ~~(;l n\,l"fl~ ~ ~~ ~ L'Vlfh,r\,lLU\,l~,)\,l'Vlii~,,'el~ ~~~ ij ~') ~'lJ~ 

'IA')~ln~n\,l ~(;lN;r')~ ~LLtJn(;lN;r')~ ~~,)~L~,) LL~~~~"ll'el'lJ 
., 

if~"U\,lL'lJ'el fL~\,ln fi')') ~ ttJ'Vl~nm ~fil,),)~n~~n ~\,l"1l'el~~"'el~ L"ll~ JJ~H~~il (Bi rrenIF.. 

1969) 

1.	 fil')')~n~~n~\,l"1l'el~~tm\\~m (adjacent colors) 

2.	 fil')')~n~~n~\,l"'el~~(;l~~;r')~ 

3.	 fil')')~n~~n~\,l"fl~~LLtJn;r1~ 

4.	 fil')')~n~~n~\,l"1l'el~~~,)~L~,) 

5.	 fil')')~n~~n~\,l'il'el~~~h'el'el\,lfil~'el'lJfil~~ (dominant tint) 

I	 ., 

L"ll~ Ll~nfi')')~1 L~,) ~,)~,)~C1~'el~ L,"\,l~l~'elth~;)ii fA'el Lijfl ~';~'Vl~')tJi1fil,)')~ l~~\,lfi 
I ., 

tn~ L~tJ~ n\,lfil ~')tJ fil~~ n\,l LL~ ::Lijfl~ L'Vlfi')t!\,l(;lN;r1~n\,l'Vl'1'el ~(;In\,l'elth~ t\,lLLN ~ fil~1tJn\,lLL~ (;l~ 

fiJCWll,)~"fl~fl')~~nr (emotional quality) hJ~,)~~LU\,ln~~~LU\,l'Vl'1'el~~\,l Lrifli1m~rcr~,),)~'elth~ 

L'Vl~,)~~~ ~,)\,l~~~n\,l'Vl'1'el~(;lN;h~LL~~~fiJCWll')~m~~'el~L,"\,l(visual quality) L~tJm~rcr(;l')')~ 

~ I "I II.... II .... ~ .. I "I I ...... .!"I 
~~\,l ~'Vl" ~LLtJ~n'lJ~ LtJ\,l LL~~n~~ ~~M~~'Vl\,l~~~ll,)~ LlJ\,l~'el~ 

~"I	 "'" .oil ~ II .......~..l ev rev ~ ... ~,: ., ~
 
~ ~n~LfiltJ~'Vl~fl~fil~')tJn\,lfil'el~\'ll~~\,lfin\,lt\,l,)~~"ll~~ll,)~~L"l!\,l\,l L~,)~')~')~C1~'lJ~~ ~\,l 

I	 ., I 

fi~~~"ll1 ~ hJ~,)~::LU\,l~t~Yilfi~~,)fILL~~ ~~ L'Vl~fl~ L;/tJ') 'Il1 L~\,l ~,)~'Vl1fl~ Lij'eltJ')~'fl')Yi (;l!J(;ln~\,l 

ii~~lfi~~1mL(;l~ ~~ L'Vl~'el~ ltJ~fil')')~ij~ LU\,liJ]\,l ~~')mL~~~~')~~~q~ (highlight) 1tJ~'lJ1L,)cw 

L~')ii~::LL~ ~~~') ~'lJ~t\,l~n~cw~tn~L~tJ~n\,l L"l!\,l ~'eln~'Vl~,)'lJ LL~~ ii~~i1'lJ1L,) CWLL~~ ~~')~~q ~ LU\,l 

~~~ LL~~ij~'el'eln~')~ L~flfL~~ t\,l'lJ1L,)CWL~,) LU\,l!Ji'\,l 
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,.. ..:. J' ... ~..l1. "... cv ~~ "cv':... ~..l":'
L11'el1'"1nfl'l'".l t1..:1n'l1LlUI~'l.l"'1'elfl (;\fl..:l~'el..:lI:'l'VI nfl LfDltJ..:I n'l.l'"l1n'".l..:l1:'l ~(;\(;\..:I'l.lfDl'el 1:'l'VI LlUI LL~..:I 

I J' ...... J''':' ~, ~. I..I~'" 1. cv cv ~..l , ... 
~'".l1..:1'n'l.l"'1'el L1'el..:l LL~..:I'n'l.l '"I :;LlUlLL~..:I'"I1 nl:'l~'".l..:l ~1J\11:'l L"'fl'el..:l 'l.l'VI 1..:1n fl'l..Jn'l.lI:'l'VIfl (;\ LL~..:I ~'".l1..:1"'1'el 

fl(;\n'l1L1'el..:lLL~..:Ifl..:l '"I:;fl(;\LL~..:I'"I1n~L"'~'el..:lfl..:li.tJ~~~'".l..:l 
, 

~ ... J n"...... ...~ "ilLLeJ'l.ll:'lnfl~nfl'l.l (analogous color schemes) '"I:;LL~(;\..:I1 11n!)n'l1N (;\(;\L~'el~I:'lLLYIL 'l.l 
" I I "I 

fJ ry LL'"I ~1 ~ry i.~ ~1'"1 :;Lil'l.l~;)'l.lVi,..il..:l,..1'el~;r'l.lVi ~'el..:l1. 'l.l'".l..:l~ 

~ LL(;\..:In'lJ~ LL(;\..:I~'".l..:l LLfl:;~ LL(;\..:I~~ 

~~~n'lJ~LL(;\..:I~~LLfl:;~L"'~'el..:l~~ 

~L"'~'el..:ln'lJ~L"'~'el..:l~~LLfl:;~L"'~'el..:lL~m 

" ~L~tJ'".ln'lJ~L"'~'el..:lL~tJ'".lLLfl:;~in~'l.lL~m 

"" " ~in L~'l.ln'lJ~'Il1 L~'l.lL~tJ'".l LLfl :;~'Il1 L~'l.l~'".l..:l 

" ~~'".l..:l n'lJ~ LL(;\..:I~ '".l..:l LLfl :;~'Il1 L~'l.l~'".l..:l
 
" " ,


'"I1n ~'".l'elth..:l;)1..:1 ~'l.l ~;)'l.lLL1n LLfl:;;)'l.lVi ~'el..:l1. 'l.l'".l..:l ~i.tJ}1'lJn 11~'I!'lJ~~'l.l'"l1 n~1.n ~ L~tJ..:In'l.l 
" I " 

tJ}1'l.leJf1 tlLLfl:;'n '".l1 LLIJi'lJ1..:1 fDl1..:1 n'el 1'"1 '"I :;1.oJf~~'I!'lJ~~'l.lL~tJ..:Il~h'l.l1.(;\ !Jh'l.l,..il..:l'n'el..:l~'I!'l.l1. 'l.l'".l..:l~ L'll'l.l 

I ~ ... ~ ...... ~ ... ... ,~... ~ ....1' ~.I'.4, ~..l .... 
nfi~I:'lL"'fl'el..:l I:'lL,..fl'el..:lL'ntJ'".l LLfl:;I:'lL'ntJ'".l "'1'elnfi~I:'lL"'fl'el..:l I:'lL"'fl'el..:lI:'l~ LLfl:;l:'ll:'l~ en..:lnfi~I:'l'VILn(;\'"I1n 

~1. "... ... ~" ..... " 1." .4 ~ ~ ..l .4 ... ~ ~..l .: 1. " ,,~
I:'l nfl LfDltJ..:I,..1'el1:'l fDlfl1tJ fDlfl..:l Ll'ltJ..:I (;\1'l.l (;\ (;\1'l.l"''l.l..:l'n'el..:lI:'l'n'l.l'VI''''l.l..:l,..1'el1:'l'n'l.l'VI ~'el..:l'l.l '"I:; "'fDl'".l1~ll:'l n 

... cv " ~1. "..." 1. " ,,~ ... ... CV" il
nfl~nfl'l.ln'l.l~1nU~nfi~1:'l nflLfDltJ..:Ien1tJ'n'".l1'"1:; "'fDl'".l1~ll:'lnnfl~nfl'l.lUfl:;~~n1l'l'n(;\UtJ..:IL 'l.l 

~'".l'l.ltJ1:;n'el'lJ'el~tJ}'JtJ ~..:ILL~(;\..:I1.un1l'l~ 2.18 

I 

n1l'lVi 2.18 n1l'lLL~(;\..:I~'".l'elth..:l~nfl~n~'l.l 
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.. .,~ 

F\'J1JJnaJJnaUlI'il.:llllJl'.:I1I1JJ 

1il'lm..,inm~n'w~~n'l.lIJl'uJunn!lm~nri2Jw'l.lfi"1l'fl.:lL"ll~iJ~ ~IJIN;)12J,..,1'fl~~~n'l.l~1.:1n 
I I.- I.­J' 

[:.lin ;W'1'J12J L;)2J"1I'fl.:ln'l.lLL~~n'l.lt ~ Lc;)'l.l-n~U.:l"1l'l.l L"1I'l.l ~~ ~~n'l.l~~wj1.:1~u1 L1'l.ln'lJ~~2J ~U1 L1'l.ln 

[:.lin ;'l.l~~2Jt~Lc;)'l.l-n~L"1I'l.ln'l.l lf1Lnlil~i.:l Ln 1Jl1il1nfi~~2J"ll1~ Iil~Vi'lJ';h ~'fln1.~~~'J.:I~nlil~ii~ 

L""~'fl.:l'flU'lJ1L'J t'lJn~1.:1 ~'fln 'l.ln,..,1'fl~ L~'fl~~1 L1'l.ln~nlil~iilil ~~~2J1'J2J'flld l1f'JtJ ~.:I~ ~~n'l.lL ,..,fhn
OJ • "il 

lf1l~n U12J1HI'1'J2Jn'l.l'flU1.:1 L""2J1~~2J u'fl2Jii ~'J12J n~2J n~'l.lLL~~L~ ~ Lc;)'l.l~'JtJ.:I12J 

~LL~.:IIJIN;)12Jn'lJ~ L~tJ'J 
I.­

~ LL~.:I~2J IJIN;)12J n'lJ~U1 L1'l.lL~m 
I.­

~~2JIJIN;)12Jn'lJ~U1L1'l.l 
I.­

~ L""~'fl.:l~2J IJIN;)12Jn'lJ~U1 L1'l.l~'J.:I
 

~L""~'fl.:lIJlN;)12Jn'lJ~~'J.:I
 

~ L""~'fl.:l L~m IJIN;)12Jn'lJ~ LL~.:I~'J.:I
 

" I I "I 

~ IJIN;)12J n'l.l~~wj 1.:1~i'l.lVl,..,il.:l LL~ ~i'l.lVl~'fl.:l Iil~LL~ ~.:Iun n!l n 1~nr-n~ LIil'l.lL~tJ IJIN'flU1.:1

I" I" .. "3 I ::.Q'".ell Q

.:I1tJ 1 "ll.:lmlillil~1JI1.:1n'lJm~~'J2JIJI'J"1I'fl.:l~~~""'J1.:1n~1.:1 (intermediates) L""~'fl.:lL"1Im 'l.l1L.:I'l.lL"1Im 

~1L1'l.l~'J.:I LL~.:I~'J.:I LL~.:I~2J L""~'fl.:l~2J ~.:Imlillil~LL~~.:It!mL~~~'J12J~~1.:112J1.~~n~1nL~ 

.. .,~ 

F\'J1JJnaJJnaUlI'il.:lll LL!ln 1JI'.:I1I1JJ 

~'J12J n~2J n~'l.l"1l'fl.:l~ LLtJ n IJIN;)12J,..,1'fl~ ~u~~n'fl'lJIJIN;)12J d~I'l.l~'J12J n~2J n~'l.l"1l'fl.:l~ IJIN 

., 'I ~........ ...,... 'I.,~.... ~ .,., ., ~., 0 'I ., I .... 

"1112J ~'l.l'J.:I~'fln~m~tt'IJ~,..,'l.l.:l ~'fl m~ ~"ll~,..,~mL~~~~1'l.l"1l1.:1~'fl.:l~1'l.l"1l'fl.:l~IJIN"1I12J 'l.l12J1 ~"ll~'J2Jn'l.l 
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'" 
~LL~NriU~L"'~'fl-:lL~mLL~~~U1L~'l.lL~m 

'" ~ LL~-:I~)JriU~ L~mLL~~~U1 L~'l.l 

'" '" ~~)J riU~U1 L~'l.lL~m LL~~~U1 L~'l.l2J,)-:I 

'" ~ L"'~'fl-:l~)J riU~U1 L~'l.lLL~~~2J,)-:I 

'" ~ L"'~'fl-:l riU~U1 ~'l.l2J,)-:I LL~~~ LL~-:l2J,)-:I 

~L"'~'fl-:lL~mriu~2J,)-:lLL~~~LL~-:I 

~ L~mriu~ LL~-:l2J,)-:I LL~~~ LL~-:I~)J 

'" ~U1 ~'l.lL~mriu~ LL~-:lLL~~~~)J 

'" ~U1 L~'l.lriU~ LL~-:I~)J LL~~~ L"'~'fl-:l~)J 

'" ~U"I L~'l.l2J,)-:lriU~~)JLL~~~ L"'~'fl-:l 

~2J,)-:lriu~ L"'~'fl-:l~)JLL~~~ L,..~'tN L~m 

~ LL~-:l2J,)-:I riu~ L"'~'fl-:l LL~~~ L~m 

I '" '" 

LLVi' (exact opposite colors) L~tJVi~ l?1N;J1)J LLtJ nvi'-:I ~t!'l.li)J~'l.lfiLL~~on~LLtf-:l ri'l.l'tl~ ~')tJ v'ht'" 
.cI '!!l ~.cIlI.clI '" I ~ .J'IV IV"'tv I 

f'l')1)J n~)J n ~'l.l"l1'fl-:l ~'V1-:1"')J ~)J~~1"l1'fl-:l f'l')1)J"l1 ~ LLtJ-:I LL~~f'l,)1)Ji )JYi'l.lfin'l.l'tlm-:l'l.l1~'l.l1r.ltJ-:I"l1'l.l 
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F1~1JJn'i\JJniu"1l'iHli'lf1JJLi1 ., , , 
rl'J1~n~~n~'W~'el~~~1~L~1LtI'Wn11'J1n.11n11~~(;\rl'W 3 ~t'W'J~~ t(;\tJ!j(;\~i'WV1'Vlil~ ~ 

., , 
i'WV1~'el~ LL~~~1~'Vl~1~n~1~LtI'W'Vl~n 

~ikl~'Vl~~ ~~~V1~ ~~'Vl~'fl~ ~~1~~kl 
., , 

~i'WV1~'el~ ~~~ ~L;lm ~2-h~ 
., 

~1~'Vl~1~n~1~ ~LL(;\~~~ ~L'Vl~'el~L;lm ~u1~'W2-h~ 
., 

~1~'Vl~1~n~1~ ~L'Vl~'el~~~ ~U"IL1'WL;lm ~LL(;\~2-J'J~ 

., 
L~'W-r(;\t'WLLN ~'J'W~n~~n~'W~1~L~1~'el~~lJINn~1~'Vi~ 2 n~~ n~~t~m1~r~n~(;\t~t'WLLNt'W 

~n~m~tru~'Vl~~L"lI'Wrl'W 

F1~1JJn'i\JJniu"1I~~iA1~~UFI'~~F1~JJ 

rl'J1~n ~~ n~'W~'el~~ " 1rel'el'Wrl1'el'J rl~~ fl'el LLeJ'W~ ~(;\rl'W'Vl1'el~ lJIN;r1~rl'W~ij "1~rel'el'W 
tI I " ... I I 

'Vi~'Vl~ (;\ ~"1rel'el'Wt'WV1i1 L'llvJ 13'~ 'Vl~1tJii~'Vi~~LLVlV1ij"1~rel'el'W LL~~~LLVlV1LLiJ1"1 LtI'W~"1rel'el'W 
., 

'W'eln~1nVl~~ljm1~n~~n~'W;r1~tff'Wt!'WLL~'J L'llvJl3'~!T~1rJi'L~'W'eln!Jfi11~'ll1~~'el~m1~ 
I ., 

n~~n~'WH'Vl~1tJiJ1~n11 ~~;r'elL~'W'ellJ11~ 1 L'Vlfhi1~~u~ijfJru"1'Vl1'el12-J LL~~~1mJ'elULYltJ~t(;\ 

tl'el~~'W'el~ rl'lJ';)~11ru'Y1 ru~'el~ ~~t1'WLL~~t!n'el'eln LL'lJ'lJvr~'Vl~1tJ n!Jfi11~'ll1 ~~'el~ rl'J1~ n~~n ~'W 

t'Wn11~1ru1n11~L;r1HrJi''JtJrl'W ~LL~~ij"1~'el~~~~1~ (light in value) 12-J~1~~LtI'W ~ 
., , 

L'Vl~'el~ ~~~ ~L'Vl~'el~~~ ~L;lm ~L'Vl~'el~L;lm ~L'Vlfhi1~1~11'1LLiJ1"1LtI'W~rel'el'W1rJi''eltl1~~U~ ~'J'W 
, ., ., 

~V1ij"1'!l'el~~il(;\ (dark in value) L"lI'W ~LL(;\~ ~LL(;\~2-J'J~ ~2-J'J~ ~U1L1'W2-J'J~ ~U1~'W ~1~11'1LLiJ1 
., , 

"1 LtI'W~"1rl~11~'eltl1~~U~ L"lI'Wrl'W 
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C:!J .Q, Q. Qd~ I vdQ I 

n1'a~m~n~ IW;}'Vl ~1~'Vl:l-J eJ ~ rWfl eJ'Vl:l-J f'l'd1:l-J'lJ n~'a'f)~ 
QJ 

'Vl1~ n1'a:l-J'f)~b~'U b~'f)'U 'a1~ b~'f)111 :l-J11,~b 'U n1'a 

-. " -

... ...... ",.K ..~ 

UU'1fl~flLns'1n1J,"u3"uflqvD· 
c:I 

fl1.i101'lJJ'il.ilL"'U - m~~tl'lL~'lJLL~'1 LL~:;~
 

- ~:;~lJf'l'11~lJn'Vl1tl'l'Vl1'1m~~tl'l L~'lJ
 - ~'lJ31'lJ~~'lJ31'lJ
 
- m~t)l'ILL~:;lh:;Li1W;1':l1~~1~1~t11'lJ
 - fJru~~lJ~'1Itl'l~
 

m~~tl'lL~'lJ
 - ~11I'i'Vlm'1ltl'l~ 

- f'm~n~~n~'lJ'1Itl'l~ 

r--------­
"':lLLtI~f'l'1lJfJ~ 

"' ... 1. ..AI".IUUtlnVWtlJ"i::"ll1n'l( Ufl JJfl'11JJ 
• c:I ..• c:I .. 

1Jn,"'l'il.ilfl1.i101'lJJ'il.ilL"'ULtl'ilU'l1.i11Jn,"'l'il.ilfl1.i101'lJJ'il.il L"'ULtl'ilU'l1.i1) 

- ~ (~LLl'I'I, ~~~LLl'I'I, ~~~, ~~~L~~'1l'l, ~L~~tl'l,-1J~~~'1LLfl:;t1~:;~lJmnw1'lJtl~1?I 

~L;lmL~~tl'l, ~L~m, ~L;lmJrIL~'lJ,~J1L~'lJ, 

'Vl1'1m~~'1l'lL~'lJ) 

(L'VlPl, tl1£J, LLfl:;~:;~lJf'l'11~~m~ 

~)J':l'lJ1L~'lJ, ~)J':l'l, ~)J':l'lLLl'I'I, ~'1I1':l, ~~1 

LLfl:;~L'Vl1) 

- ~~I?IN;h~ (~LLl'I'I- ~L~m, ~~~LLl'I'I - ~L~mJ1L~'lJ, 

~~~ - ~J1L~'lJ, ~~~L~~tl'l- ~)J':l'lJ1L~'lJ , 

~L~~'1l'l - ~,.]':l'l, ~L~mL~~tl'l - ~)J':l'lLLl'I'I 

LLfl:;~'1I1':l - ~ ~1 ) 

-~I?I~'Vl£J1~nlJ~':l1~i~n 

- mnL£Jm:;~lJ~ (~LLl'I'I, ~~~LLl'I'I, ~~~, ~~~L~~tl'l, 

~L~~'1l'l,~L~mL~~'1l'l, ~L;lm, ~L;lmJ1L~'lJ,~J1~'lJ, 

~)J':l'lJ1L~'lJ, ~)J':l'l, ~)J':l'lLLl'I'I, ~'1I1':l-~L'Vl1 LLfl:; 

~~1-~L'Vl1) 

eJ'iil'lJ'f]·m1'a~m~n1~~
 

b~'f]'6ll 'aU eJ'iil bb'iil~ b'6ll'W 'f] bb'W~~ 1J11'V1~1~vi ~ eJ'iil Di'f] ~vi ~ WJ1:lJ'IJ n~ i'fl-:l'V11~ nl'a:lJ'fl-:l b~'W b~'fl'W 'a1~
 
q 'U 

b~ 'fl '111:lJ l"l"lib 'W n1 'a'fl 'fl nbb'IJ 'IJ 
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• 
1.2 m1t)r;)LL~::1J1::L~'U - m1t)(;l LL~::1J,.::~'U 

f')'J'l).J~'l ).J'l1Cl1'Um1).J~~L~'U f'l'J'l).J~'l).J1"Cl1'Um,.).J~~L~'U •
1JI'l).J1::~1Jf'l'J'l).J;(;l L"l'U 

2.«U31UfI(]vij 2.1 m1).J~~L~'ULL~~LL~::~ - m1).J~~L~'ULL~~LL~::~ •i JI ~J1 ~, ...l .... 
- ~'U3'l'U¥'l~'U3'l'U¥'l1Jl'l~1'V1).J 

~~1'Um,.).J~~L~'U • 

CI 
f11011n'l'lJ.liloll L'\4U 

LiilU'l'loll 

- fJn.I~).J1J~1J~~~IJh~1~il~~ 

1'Um1).J~~L~'U • 
•
 

3.1 ~ (~LLlM, ~~).JLL(;l~, ~~).J, ~ 

~).JL'l-I~~~, ~L'l-I~~~, ~L~tJ'J 

" " 
L'l-I~~~,~L~tJ'J, ~L~tJ'J'h~'U,~U'l 

L~'U, ~~.i'J~J'l L~'U, ~,.]'J~, ~,.]'J~ 

LL(;l~, ~1J'l'J, ~~'l LL~::~Lvn) 

3.2 ~~lJIN;r'l).J (~LL(;l~ - ~L~tJ'J, 

~~).JLL(;l~ -~L~tJ'JJ'l~'U, ~~).J­

~J'lL~'U , ~~).JL'l-I~~~ - ~,.]'J~J'l 

L~'U ,~L'l-I~~~ -~,.]'J~, ~L~tJ'J 

L'l-I~~~ - ~,.]'J~ LL(;l~ LL~::~1J'l'J - ~ 

~'l ) 

- f')'J'l).Jn~).Jn~'U1J~~~1'ULL1J1J 

JJ1'l~1 • 
- ~~ilf')'J'l).J1Jn~1~~'VI'l~m1 

).JlfNL~'UL~~'U1'l~ ).J~~ L~'U~1(;l 

;(;lL"l'U~~(;l ().J'ln\1J'l-I'lU~tJ) •
LL~::ilf')'J'l).J~~1J~~::11).J'ln 

til .... til I I 

).J~~L'l-I'UL~~'U"'l~ ).J~~L'l-I'U'J'l~ 

~lJIN;r'l).J ~1(;l L~'U;(;l L"l'U~~(;l 

().J'lnl1J'l-I'lu~tJ) • •• 
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-~lJ1'iYltl'l~nlJPl,)'l~t~n~tl.:l~ 

~ijPl,)'l~lJnVi1tl.:lYl'l.:ln'l1 

3.3 ~1J1'iYlm~nlJPl,)'l~l~n~~1~ 

Pl,)'l~~n L~tlt.l1~1::1'.:Ifit.l1J1r1t1 , 

l~mJfltllJlziti , ~mimltlt.l~tlt.l 

Plfl'ltl , ~m'l'4m'\t.l'lt.l , l~nLntl 
I "'~.... cr

~t.l'ltl , 'rinLtltlnLtlt.lLLfl::fl.:llJ , 

l~nfllJl~'lJitJL1.:1 , t~nijfl~'lfi , 
, 

~.... "~",,, "1
,rin~Pl,)'l~~~, 'rifllJ1t.lLUlt.lL1'l "I, 

l~nLnlJlVi~.:Im::'lj~m::'!l')t1 , l~n 

ti.:lPl,)'l~Jt.lPl.:lJ.:Iij , l~nfllJl 1fl1'l • •• 
L1.:1 LilnlJ'lt.l , l~nLn lJIri'l~.:I1'.:I'!l'l , 

l~nL"I1tkJJ.:Iri'.:I , t~nijLflti\.f, 

l~nti.:lPl,)'l~L1t.l~lJ , l~nij 

t1'l'lJ'l"l , ~nLf'l1'l tf'ln , i~n ~t1lJ 

~1~ ,t~nlJ1~Ylf , t~mJ1::ruUl, 

i~ntllJ~t.l, i~n LLfi'!l1'l , ~n 

~n~lJ , i~nfitlt.lLLtl LLfl::i~nflrj'l.:l 

3.4 m1LLtlm::~lJ~ (~LLlJI.:I, ~«~ 

LLlJI.:I, ~«~, ~«~L~~tl.:l, 

~L~fltl.:l,~L;jmL~fltl.:l, ~L;jm, ~ fl'l~'l1nLLtln1::~lJtYlt.l~ 

L;jm~'l L~t.l,~~'l L~t.l, ~).],).:I~'l 1n~\~t1.:11~ •••
L~t.l, ~).],).:I, ~).],).:ILLlJI.:I, ~~'l,)-~ 

LYl'l LLfl::~~'l-~LYl'l) 



~LralA.~1fJ ~gLUn..vW~'!&lfl ~c,l'1.m,.j;tu~ £'G , , 

1'1.~' t-~IULUt-LlA.g LU~l'CLlJIJ n.~:::gn..v lJra~'!&lfl ~ lJl'1." L.j;tU~ G'G , , 

t-Lgl'1.~~m~, t-~l'CgLUt-LIA.t-~rM.Un.l'CLlJlJt-~rr.n..vW~'!&lfl ~lJl'1."I...~U~ ~"G , , 
~Kb~~~nY~~nnLKUW&LUn~~n~ ·Z. .... - ~ 

Llfll'Cgggl'1.~"Jrt ~t!' lfl ~!&~!&LIfJ raL~ 
I " 

t-~rr.I'1.Mlfljol'CLlJIJn.~:::g 1'1.~'t-~l'CgLUt-LlA.gLU~l'CLlJlJn.~:::g:::~,mlJI'1.L~L.j;tU~ G' ~ 

t-Lgl'1.~~m~'t-~l'CgLUt-LIA.t-~rM.Un.l'CLlJlJ:::m.j;tu13L.j;tU~ ~'~ 

n~t'~mLKUW&LUn~YnlL '~ -w ~ _ ~ 

t!rt\~~t-~gLU~n.grtgLUI'1.~IfJI'1.j>:::~"n.~L~ ~ra}~gLUI'1.t ,. ,. 
t-Lgl'1.~~m~, t-~l'CgLUt-LIA.t-~rM.Un.l'CLc,lJ ~!&~n..vt-~JfW~' !&LI'1.~l'1.lJ~~tk1. ,ibm1'1fJ ~~ n.m, U~~ 

I I I I 

gLUI'1.' "', m Ll'1.gLUI'1.' ~11~rr.I'1.L&'I'1.M.I'1.I'1,'I4I' 1A.~11~rr.LI'1.~M.' t-Lgl'1.~~mk1.'t-~l'CgLUt-LIA.t-~gM.Un.
ItJiltl .. k 0 " II I5=" rs; If kl=' "0 II=" II=" " I ,. I , 

l'CLlJIJ~!&~~~~~~!&~LralA.~IfJ~L.j;tU~~~'I'1.~,t-~!& ra}~gLul'1.tl'1.~IfJI'1.j.~t!t-~lJl'1.tra}~gLU 
'I I I 1'1 1'1 1'1 

Iib~&LUn~~n~ ~ '£"'.... ~ 

BJflJ11:::~~" t-~rr.lfl ral!,:::~raLgl'1. t lJL~U:::~t!rt\ ~~ t!t-~ IJ L.j;tU~g LUt-~rr.1' t-~:::grtlfl bl'1.lJ' ~ 
1'1 1'1 1'1 I 

U~k1.l'1.lfl,:::grtl'1.t ~11~rr.lfl' k1.t~M.' n.m1U~~gLUI'1.Utrt' Ll'1.gLUl'1.t~11~rr.I'1.L&'I'1.M.I'1.IJ'lfl' 1A.~I1Brr.LI'1.BM.'AI''' "" Wi r k 0 ",f" kf" "0 r 
t-LgI'1.B~m~, t-Bl'CgL Ut-L 1A.t-~rM.Un.l'CLlJlJ ~!&~ ~~ ~ ~ ~!&~ LralA.~1fJ ~n.~gLU t-~n.LglA.~~' t-ra~, ~Ut 

" I 

~l'1.lA.l t-~rr.n.~:::g Ura"g LU ~ I1BJfL.j;tU~::: ~" U~t l'CL lJIJ n..v~ Lra 1A.~1fJ ~~ I1BJfL.j;tU~ 'l'C LJft-g IfJ ~~ L~ 

1'1.~' t-~l'CgLUI'1. tl'1.~'lfl jol'CLlJIJ ~11~JfL.j;tU~ '~n.~"'l'CLlJIJ~I1~Jf~U~ 'lfl ~!&I'1.Mlfljol'1.~ 'lflt~L~I'1.~' t-~l'C 
I 

gLU~I1~JfL.j;tU~ ~"Jt'\ t!1'1.~,:::grtl'1.tL~U~gLUL~!&glmlJ~ t-Lgl'1.~~m~'t-~l'CgLUt-LIA.t-~rM.Un. ,. , 

l'CLlJIJ ~!&~ ~~ ~~ ~!&~LralA.~1fJ ~n.~gLUI'1.~,:::grt ~~ U13k1.I'1.~,:::grtl'1. t L.j;tU~I'1.~' t-~t!ra}~gLU 
I , ,. 

t!rt\~~ t-~ ~U~gLUI'1.tl'1.~,:::grtrtl~ugLl'CL~ t-LgI'1.B~'I'1.~'t-~l'CgLUt-LIA. ,. 
t-~gM.Un.l'CLlJIJ l'C1A.~n.ut-~rr.lJrau, IA.LI'1.~l'1.lJ~Bgk1. n.m,u~~g LUI'1.' "'trt' Ll'1.g LUI'1.t ~I1Brr.I'1.L&'I'1.M. 

I P=' F'''...o " f" f" r' II=' ItJi k 0 ",f .. .. 
1'1.1'1,' lfl' 1A.~l'C~rr.LI'1.~M.' t-Lgl'1.~~mk1.' t-~l'Cg LUt-LIA.t-~gM.Un.l'CLlJlJ l'C1A.~ ~1fJ ~~ l'C1A.~ LralA.lJlfJ ~L.j;tUI.l ~M.' 

LD " kF' IS 0 r I5=" " I I=' r"" I I=' F' ~ ~ '=' &; F'. .. 
~~ l' t-~:::grtUIfl1'rL.vt-~~IJlfl ~~ L.j;tU~gLUt-~Jt1 !&~l'C~JfJt'Wt ~~, ra}~gLUI'1.t:' 1... ~gLUgLU~~ , , 

1i~e..r.LUn.n.'LlfSe. 
",.... .... 0 ...... 

£ lA.IM......
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IV .... "I ... ...,
3. .'l1.IJLfI'l'il.IJ~'il ..Un1'l';J"l!l 

3.1 'el'elnLL'lJtJLL~:;r.r(;lVi1LLtJtJ'VI(;l~'eltJ
 
~ c:J IV 

4. 'lJU9I'ilUn1'lLmJ'lJ'il~'i 
'II 

4.1 ~'eltJm~;r'el~~~';l'\J'l.JPlPl~~'el..:!~'VI(;l~'eltJ
 

4.2 'VI (;l~'eltJ~'el..:!L~'\J~1~'l(;lL ~'\Ji(;l LIil'\J~~ (;l (~1n hJ'VI1oW'eltJ)
 

4.3 'VI (;l~'eltJij Pl';l1~"ll'eltJ~'el:;1r~1n~~ (;l
 

4.4 'VI(;l~'eltJ~'el..:!L~'\J~1~~(;lN;r1~~'l(;l L~'\J-r(;lLIil'\J~~(;l (~1nhJ'VI1oW'eltJ)
 

4.5 'VI(;l~'eltJ~(;l~'VIm~ntJPl';l1~f~n
 

4.6 'VI(;l~'eltJLLtJn1:;~tJ~'el..:!L'VI'\J~'ln~LPltJ..:!
 

.Q ... ., 9
5.3 n11';lLM1:;'VI~'el~~Pl';l1~"ll'eltJ~
 

5.4 n11~ LPl11:;tf;r'el~~Pl';l1~-r(;lLIil'\J'l'\Jn11~'el..:!L~'\J~1~~(;lN;r1~
 

5.5 n11~ LPl11:;tf;r'el~~~(;l~'VIm~ntJPl';l1~f~n
 

5.6 n11"iLPl11:;tf;r'el~~n11LLtJn1:;~tJ~'el..:!L'VI'\J~'ln~LPlm
 
>­

6. 'i'\J(;l'el'\Jn11~t'tJ LL~:;;r'elL~'\J'elLL'\J:; 

6.1 ;r'el~~~ (;l"i'VIm~~ij eJ~ r;1'el~~ij Pl';l1~tJn't'li'el..:!'VI1..:!n11~'el..:! L~'\JL~'el'\J11..:! L~'el'l~n
 

;r'el~~~L~ Li~J'\J~'\J31'\J;r'el~~ 'I.'\Jn11'1l1L'tJ'l-n1.'\Jn11'el'eln LLtJtJ eJ~ (;lnw.,] 'VI1'el~';l'\J~'\J1~L~m;r'el..:!ntJ
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~ ...... ~........ I .,........ I G .. 
n1'irmti1'"J'I';IV! !I1l'1V!3J ~a J'I'il ~V!3J fl';l13JtI n'W'i'il{JV!1{Jn1'i3J'il{J L'WLeI La'il 'U'i1{J

'U 

1 
1 

L~'il\I13J1"CU''Un1'i'il'iln LLtItI 
1 
1 
1 
1 
1 

_I 

1
 
~ "..t" 0

~1nm1",m~rILLfl::1'J'l.J1'J~1I'el2;;!flL'l.J'fl..:llJlU U1~1 

fh"u~i1'kl,"1~U1~1ij4'tJ 

I
 

V1lPl~'fl'IJm:n,J'fl'lL~'\.,l V1lPl~'fl'IJ~'J13,J'll'fl'IJ 

~'J13,J~~11l'\.,l'lleJiln '1J'fl'l~ 

V1lPl~'fl'IJm~3,J'fl'l~~ 

(;1Hih3,J 

V1lPl~'fl'IJ~(;11V1U1~~~~~ 

r;l'fl~'J13,Ji~n 
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3.2 nfiJ,(t1"-::'1I1n'iLLfi::nfiJ,( ~,;)'iI!h.:l 

" "	 " t'l.ln11'ijr.\'!.J~f.:lilL~mJ.:In~)JtJ1::"ll1nnLfl::n~)J~':l'el£11.:1 2 n~)J ~.:Iil 

1. nfiJ,(f1'UeWn1,;I'2I11P1t1"-::~1'V1-lJ,(er~'VI1.:1n1'J,('iI.:IL~'U~1!1lJ'l1Li'il'U'1.:1(Low Vision) • 
~'l.l~ ~ 'U L~!.J n11L~'l.lLLj;JU.:l~1)J11tlrel1'l.l~m~t1~ )J~~"ll!.J1!.Jtt!I 'lJL~ t!I'1'ellJi''el.:l t oJfLL~'l.l"ll!.J 1 !.Jrel1'l.l 

1::~1J~':l1)J~ n11'Vl1.:1n11)J'il.:l L~'l.l1::~'lJ 1 1::~1J~':l1)J-n(;1 L~'l.l"ll'il.:l~1!.J ln1~~~~ (;1 Ld'el toJfLL~'l.l• 
1I11)J(;11 6/18 t!I'1'el 20/70 LLfl::1::~'lJ~':l1)J~n11'Vl1.:1n11)J'el.:lL~'l.l1::~'lJ2 1::~'lJ~':l1)J-n(;1L~'l.l 

"ll'el.:l~1!.Jm~~~~(;1Ld'iltoJfLL~'l.l1l11)J(;11 6/60 'Vlf'el 20/200 

I .... ....I tI .Y. .., cI .I 
2. nfiJ,( f1'U'Wn1''VI'2I11P1 "-::~1'V1'''J,( e.I~'VI1.:1n1'J,('iI.:IL'\II'U~1l1'W lJ'l1\J'il1PI (Blind) ~'l.l'Vl• 

~ CkJ L~!.J n11L~'l.l)J1 n~'l.llJi''il.:l~'il'l.lt~rel1'l.l~m~t1L'lJ1fl~t!I'1'ilH{~fin11YI.:IL'VltJt!I'1'el LL~'l.lL~!.J.:I 1::~'lJ 

~':l1)J~n11'Vl1.:1n11)J'il.:lL~'l.l1::~'lJ 3 1::~1J~':l1)J-n(;1L~'l.l"ll'el.:l~1tlm~~~~(;1Ld'iltoJfLL~'l.lfi11)J(;11 
, 

ell Go'''	 CJ Go' cv cv QQ

3/60 t!l1'el 20/400 1::(;1'lJ~':l1)JYm11'Vl1.:1n11)J'el.:lLt!I'l.l1::(;1'lJ 1::(;1'lJ~':l1)J"ll(;1L~'l.l"ll'el.:l~1!.Jln1'Vl(;14 

~~(;1Ld'eltoJfLL~'l.lfi11)J(;111/60 t!lffi 5/300 LLfl::1::~'lJ~':l1)J~n11'Vl1.:1n11)J'el.:lL~'l.l1::~'lJ 1::~'lJ5 

~':l1)J-n(;1L~'l.l"ll'il.:l~1!.Jj;l1~~~~(;1Ld'eltoJfLL~'l.lfi11)J(;11 hJL~'l.lLL~LL~LL~.:I~~1.:1 
" " ~1ntJ1::"ll1n1LLfl::n~)J~':l'el£11.:1~.:I 2 n~)JilL~L~'elnn~)J~':l'el£11.:1~1n LN L1!.J'l.l~'el'l.l~'l.lj;l1 

'lJ'el (;1 nt.:l L'Vl~"1 ~)J1~)J ~'l.lj;l1'lJ'el(;1 LL'IA.:ItJ1::L'Vll'lL'Vl!.J LLfl::'ij'Vlmi!.J11"ll~ (;11 d~I'l.l~':l LL'Vl'l.l"ll'el.:l ~~ij 

~':l1)J'lJ n ~i'el.:l'Vl1.:1 n11)J'el.:l L~'el.:l~1 n d~I'l.l~':l LL'Vl'l.l"ll'el.:ltJ1::"ll1 n 1~':l'l.ltt!I 'lJ~ij ~':l1 )Jt!lfl1 nt!lfl1!.J 

LLlnnj;J1.:1n'l.lLtJ L'll'l.l L~l'l 'el1!.J 1::~'lJ~':l1)J~n11'Vl1.:1n11)J'el.:lL~'l.l1::~'lJ 'el1;l~ tJ1::~'lJn11nr~• 
I	 " 

LLj;ln~1.:1n'l.l'el'ilnLtJ L(;1m;hn11L~'eln'Vl(;1~'el'lJL~'1'el.:lij'eln'lJn~)J~':l'el£11.:1~.:It!I)J(;1 ~1'l.l':l'l.l 20 ~'l.l• 

3.3	 Lfll'i1.:1ii'ilm,n'Un1'~~!1 
.. ....I .. j\, .... ..,

3.3.1 n1'~71.:1LfI''iI.:IJ,('iI 'Un1',;)'"I!I 

L~1'el.:lij'elt 'l.ln11~ m~t1~ In'ij'Vl!.J1~~ ij~ fl j;J'el ~~ij ~':l1)J'lJ n~ i'el.:l 'Vl 1.:1 n11)J'el.:l L~'l.lL~'el'l.l 

11.:1 L~'elU1)J1 tofft'l.ln11'el'eln LL1J'lJ L(;1!.J n11~'el'lJm)J LLfl::'Vl (;1~'el1Jn1..1 ~~ij ~':l1)J1Jn~ i'el.:l'Vl1.:1 n11 

I	 " 

)J'il.:lV1Li~I'l.ln~)J~':l'el£11.:1 L(;1!.JtoJfLL'lJ'lJ'Vl(;1~'el'lJ L(;1mLU.:ILU'l.l 3 In'el'l.l ~.:Iil 
....I.. J 

lJ'l'il'U'VI1 ~{l1'U::'2I'iI.:Ie.llJ'l'il\JLL\J\J~'iI\J{l1J,( L~'el'Vl11'lJ L~l'l 'el1!.J 1::~'lJ~':l1)J 
u	 • 
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<II I iI.GI_
cJ I rL cJ ~... 11J II 

I I 

1. V1(;1t1'il'l.n.l'il~L,"U'J1 I'IL,"U (;ILIiiiIUVltlI'I (~.J1n ~1'1..l'el!J) LVi'el'VI~1U'J1 ~'VI3J 
OJ• 

I 

f'l'J13JUnVii'el..:!'VI1..:! n1~3J'el..:! L,"'I..l~'el:;h,j'1..:!1~~Vl~ ~l?113J~1 ~U L~!J1fi:'VI'1..l~~in1'1..ln1~'VI~~'elU 

~1'1..l'J'I..l15 ~ 1~LLri 

• ~LLI'l~ ~~a.JLLI'l~ ~~a.J ~~a.JL~~'fl~ 

D ~... ..
~L~~'fl~·. L'IImmfi'fl~ ~L~m ~L~m~1L~'l.l 

• ~~1~'l.l ~~,)~~1~'l.l • ~~')~ ~~,)~LLI'l~ 

~'111,) • ~Lvn D ~~'l.l1D ~~1• 

I I 
... 

... ~ " .ell I "'...... I2. V1(;1t1'il'I.J~A'J1~'!l'il'I.J·,,'il:::1....~1nVltl 1'1 LVi'el'VI~1U'J1 ~'VI3J f'l'J13JUnVi~'el..:!'VI1..:!n1~ 
• OJ 

3J'el..:! L,"'I..lLVi PI"ll1!J LL~:;L Vi PI'VI~..:! L~!J~'J'I..l3J1 nil f'l'J13J~'I..l"ll'elu~1~3J1n~~ ~ 
cJ I I~ ., iL cJ.y'" '1.1 II ...;

3. V11ltl'il'I.J~'il~L,"U'J1A"1JI"'./I'II1~AIlL,"U,.IlLIiiiIUVltI(;I (3J1n ~1J'VI1'1..l'el!J) LVi'el.... . 
'VI~1U~1 ~~il f'l'J13JUnVii'el..:!'VI1..:!n1~3J'el..:! L,"'I..l~~'el:;1~,j'1..:!1~~~~~l?113J~1 ~u L~!J LLU..:! ~~ l?113J'VIin 

'VI~'Mn~ ~1'1..l'J'I..l 7 ~~ 1~LLri 

~L;mL~~'el..:!- ~~'J..:!LL~..:!-
4. 

I 
..... II~ .. ....~"I '1 II oJ ~"'"I II II~ <II "I II ........ II~
 

3J'el..:!L'VI'I..l3Jf'l'J13Jl~n 'el1~3Jru nu~ ~~'el:;~~U1..:! L-n'l..l ~'V1 ~'VIf'l'J13Jl~ml?1'el'l..l~'VI~:;'J..:!'el'l..ll?1~1!J ,l~n 

I I I1J~'el~Ji!J , t~min~'el'l..l~'el'l..lf'l~1!J ~n~~n~'I..l1'1..l, t~mrl'flwI1h!J l~mm'elmii'l..lLL~:;~..:!U l~n 
.cBI.cBI. "'~ ..... ""~.caI iI~.aI II II ",~ .. iI~CI.o'

~~"ll'l..l~'I..lLN l~n3J~3J1fi l~n3Jf'l'J13J~"lI l~nl?1'1..lLl?1'1..lL~11~ , l~mn~Vi~..:!n~:;'3Jn~:;"ll'J!J l~nI I I I 

~..:!f'l'J13J,r'l..lf'l..:!,r..:!il, f~n~~1~i113'..:!LijmJ1'1..l, f~mn~ri1i..:!1'..:!"ll1 ~m~lC\J,r..:!~..:! , ~nilL~U,",I 
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II~'" II ... II~"'O II~ II';' II~'" ... II~ ... ~ II~.I ... 
l~nCl..:l~'J1)JL1'l.lflU , l~n)J'fI1'l.l11il , l~mM1 ~flln , l~m..:l!J1J'u)J , l~nu1~Vlfi , l~nlJ1~r:u1fl, 

l~n'flU~'l.l , l~mLri"ll11 , l~n~niu ,l~n'fltl'l.lLL'fILLfl~l~n~~1..:1 L(;l!Jtofi:VI'l.l~~int'l.lm1V1(;l~'fIU 

~1'l.l'J'l.l15 ~ 1fI1)J~t'l.l;r'fl~1 
I I 

..., Ci' ~ "'" ... I 1I.caI .Q I

5. V1j;ltl'a\J LL!Jn'i::f;l\J'!I'a~ "VI 'U 11 "nil LA!J~ L~tlVl11U'J1 ~VI)J ~,)1)JU n~1'f1..:1 

VI 1..:1 n 11)J'fI..:I L,"'l.l~1)J11Cl LL!J n 1~~tlLVI'l.l~~ij m1L~1~~U L;r)JLtlti'fl'l.l 'fl'fl'l.lLtl L;r)J~1'f1 LVI'l.l~~ 

tn~L~!J..:IL~ tofi:VI'l.l~~int'l.lm1V1(;l~tlU ~1'l.l'J'l.l14 ~ 1fI1)J~t'l.l;rtl~1 !JflLtj''l.lLVI'l.l~~''IL~LtlLVl1 

LLfl ~~ LVl1L~Ltl"ll1'JU1i'J)J rl'l.lLij'l.lLVI'l.l~ L~m rl'l.l 

I 

I 

3 4 5 6I 

'" 
LLfl~U(;l"ll'fl..:l1~~uB'Vi..:l~)J(;l L(;l!J 

'" '" 
ri1~'l.l(;lmnL!Jn1~~U'fItlmtl'l.l 5 ~~LL'l.l'l.l ij'i'l.llfl'fl'l.l~..:I;j 

1~~U~~LL'l.l'l.l~ 1 U(;l"ll'fl..:l2-5 LU(;l"ll'fl..:l 1 rlU 6 Cl1~VI(;l~tlU~1)J11mL!Jn1~~U"lltl..:l~ 

L~~1LLlfIn(;\1..:1rl'l.lnVl(;l~'fIut'l.l1~~ulJi'flLtl ,hL~L~ntl~1~~U 0 ~~LL'l.l'l.l 

1~~U~~LL'l.l'l.l~ 2 u(;l"ll'fl..:l1 LLfl~3-5 LU(;l"ll'fl..:l 2 rlU 6 Cl1~VI(;l~'fIU~1)J11mL!Jn1~~U 

"ll'fl..:l~L~~"ILLlfIn(;\1..:1rl'l.lnVl(;l~'fIut'l.l1~~tllJi'flLtl Cl11J,iL~n'fl~1~~U 1 ~~LL'l.l'l.l 

1~~U~~LL'l.l'l.l~ 3 U(;l"ll'fl..:l1-2LLfl~4-5 LU(;l"ll'fl..:l 3 rlU 6 Cl1~VI(;l~tlU~1)J11rILL!Jn 

1~~'J"lltl..:l~LtJl~1LLlfIn(;\1..:1rl'l.lnVl(;l~'fIut'l.l1~~ulJi'flLtl Cl1hJL~n'fl~1~~U 2 ~~LL'l.l'l.l 

1~~U~~LL'l.l'l.l~ 4 U(;l"lltl..:l1-3LLfl~5 LU(;l"lltl..:l 4 rlU 6 Cl1~VI(;l~'fI'J~1)J11mL!Jn1~~U 
OJ 

1~~1J~~LL'l.l'l.l~ 5 U(;l"ll'fl..:l1-4 LU(;l"ll'fl..:l 5 rlU 6 Cl1~VI(;l~tlU~1)J11mL!Jn1~~U"ll'fl..:l~ 

L~~1LLlfInlJi1..:1rl'l.l'fl~1~~U 5 ~~LL'l.l'l.l Cl1L~L~n'fl~1~~U 4 ~~LL'l.l'l.l 

L~'fI t m~;r'fl2oJfl~lfIijVl!J1~~ij ~fllJi'fl~~ij~'J1)Jun~i'fl..:lVl1..:1 m1)J'fI..:I L,"'l.lL~'fI'l.l11..:1 L~'fI 

U1)J1L-DL'l.lm1'f1'f1nLLUU t'l.lm1ij~!JL~,j1~flm1V1(;l~tlU )J1ijL~11~,r;r'fl2oJfl~'JtlLtl1LLn1)J SPSS 
. I 

for WINDOWS ~1;rtl~1tl;rtl)Jfl~m'l.l~"lltl..:l~VI(;l~tlU, m1)J'fI..:IL,"'l.l~1~t(;lL,"'l.li(;lLIil'l.lVl~(;l, 
.. CU... III 

;r'fl)Jfl~'J1)J"ll'flU~ , ;r'fl)Jfl~'J1)Ji(;lLIil'l.lt'l.lm1)J'fI..:IL,"'l.l~1~~lfIN;r1)J , ;r'fl)Jfl~lfIijVl!J1~rlU 
cu cu ... cu 

~'J1)Jl~n LLfl~;r'fl2oJflm1LL!Jn1~~U"ll'fl..:lLVI'l.l~tn~L~!J..:I ~(;lYl1!J1il~v'hm1'J1..:1'1!m;..:Itl1~~mf 

(Empirical Generalization) ~itl LLfl~;r'flL~'l.l'flLL'l.l~lJi1..:11 



54 

., I I 

1. t 'l.ln'11i)~tJ\lWj~tJv'hn11lJ11IJ.,~t:lUPlIJ12-J LVitJ~ (;IN''1It:l~ LPl1t:l~ijt:li)~tJL~tJn11t"Jli)fi 
" 

Face Validity L~tJt:l1,rtJ~~tJ~U""1It:l~~L~m"ll1'Y'VI1t:l~~1t:l'J1L~~1::~t:l~ (Subject matter 

Speciallisis) L~m'chn11(;l1IJ.,~t:lUPlIJ12-JL~tJ~lJINlJI12-JLiit:l'VI1 (Content Validity) L~tJn11'V11,"h 

tK"ll\lPlIJ12-J~t:l~Pl~t:l~1::'VI~1~~t:l~1m2-JnU~~~n112-J (I0C) L~tJn11U1LPl1t:l~ijt:l~~11~~'l.lhJ1'" 
I ., 

".. 0 I" cr .......
 
~L"llm"ll1'Y "1'l.lIJ'l.l 3 V11'l.l ~"11nJ1~~PlIJ12-JL'VI'l.l ~~'l.l 

1.1 LNcrtJ'l.l~t:l'l.lPl'l.l(;l1Ut:l~ni~LVI~'1 

1.2 ~2-J1Pl2-JPl'l.l(;l1Ut:l~LL,"~U1::LVlflILVltJ 

1.3 i)V1m~tJ11"ll~~1 
., 

2. 'VI~~"1 nt!'l.l~~tJL~1IJU1IJ2-J~1 LL 'l.l::U1"1n~V1N ~nJ1 r;n2-J1~" 11nJ1 ~1 LU'l.ln11 

LLnL"11 LLUUU1::Lij'l.l'VI1U1::~V1fifl1~ r1t:l'l.lU1 LLUUU1::Lij'l.lLut-iiL'l.ln11LtiU1IJU1IJ2-J~t:l2oJ~ 

'" .,3.4 n1'iLn\J1I'iI\i'il 

1. v'hn11~m~t1LL~::~11IJ" (Study and Survey) ~n'ftnJ::PlIJ12-Jun~it:l~V11~n112-Jt:l~ 

1::tKU PlIJ12-J~ n11V11~ n112-Jt:l~ L~'l.l LL~ ::1::tKU PlIJ12-J-D~ L"'l.l"1lt:l~ ~1tJ lJI1~~~ ~ ~ Ldt:lton' LL~'l.lfi112-J ~1 
I 

t101lC11o1lC11 I cr 
"1It:l~ ~V12-J PlIJ12-JUn~1t:l~V11~n112-Jt:l~ L'VI'l.l 

I I 

2. n11i2-Jfl1'ftnrLL~::V1 ~~t:lU LLUU~t:lUm 2-J L~tJ1 elf LPl1t:l~ijt:ln 11V1 ~~t:lU~ lJIi)V1m~Viij ~~ 

~t:l ~~ ij PlIJ12-Jun~it:l~V11~n112-Jt:l~L~'l.lLLlJ1~ ::~IJ 'l.l L(;ltJijU1::L~'l.l~1 m 2-J L~t:lVl ~~t:lU~n'ftnJ::~ 

LL(;lnlJ11~n'l.l 2 ~IJ'l.l~t:l 
I 

.')\1LL'in LtJ'l.ln11i2-Jfl1'ftnrLL~::u'l.lVln ~~ L~t:l'VI111tJ~ ::L~tJ ~LL~ ::~t:l2-J~~IJ'l.l~IJ"1It:l~ 
" 

" ".QQ 
~ m'l.l::"1It:l~~V1 ~~t:lULL~::t:lfiU1mfin11V1 ~~'tlU 

"'!II I.cJ.QI t3 .-I AI.... " ".cJ All
th\lVl~'iI.:I LlJ'l.ln11V1 ~~t:lUVl2-Jfl1~ ~LL~ ::LPl1'tl~2-J'tl~ n'ftnJ::(;l1~1 t 'VI ~V12-J PlIJ12-J 

Un~it:l~V11~n112-Jt:l~~LL~::(;lt:lU~1m2-JL~tJiju1::L~'l.l~1m2-JL~t:lVl~~'tl'J~lJIi)V1m~~ij~~lJ1'tl~~ij 
" " 

PlIJ12-JU n~ i'tl~V11~ n112-Jt:l~ L~'l.l Wj~tJL~ L~1LUi2-Jfl1'ftnrLL~::V1 ~~t:lU Ltl'l.l11tJU Pl Pl~ L~'tl'VI1 ~~ 
" q 

n11rul LL~IJU1~~~L~2-J1i)LPl11::\f~IJtJLU1LLn12-J~t1~SPSS for Window 

., ., ., 
t'l.ln11i)LPl11::\f~t:l2oJ~"1It:l~n11i)~tJPlr~\l ~12-J11t'lLL1J~i'l.l(;l'tl'l.ln11i)LPl11::\f'tl'tlnLtl'l.l 2 

., ., .... .... ... 
"1I'l.l(;lt:l'l.l (;l~'l.l 
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1.1 L"r'l PI , "~~'!J,",';l1~Vin1"'VI1..:1n1"~'fJ..:IL~lJ, n1"~'fJ..:IL~lJ~1~t{;lL~lJ-n{;lL"lJ~~{;l , 

,",';l1~"ll'fJ'!J~ , ,",';l1~-n{;lL"lJtlJn1"~'fJ..:IL~lJ~1~~[;lN;)1~ , ~[;li'5'VIm~n'!J,",';l1~l~n U1;)'fJ~~~ 

L~~1U"~~';l~ e.J~ "..1 Pl1 ,",';l1~~ (Frequency) 1"1'"1 L~~!JLL~~tlJ~';llJ"ll'fJ..:I'fJ1!JU1~1""1 (Arithmetic 
I I I 

I CII .:II 0 II ~., '" 0 

Mean), ,",1,",';l1~L'!JmL'!JlJ~1[;l""1lJ (Standard Deviation)L"r'l'fJlJ1"ll'fJ~~'V1b{;l~1"1LLlJn 

., ~ II .. 0 '" .J., " d .JI

1.2 n11LL!Jn"~{;l'!J"ll'fJ..:IL'VIlJ~tn~L,",!J..:I lJ1"ll'fJ~~'V1 b{;l~1U,,~~';l~e.J~ L"r'l'fJ""1,",1L~~!J 
OJ 

(Arithmetic Mean), Pl1,",';l1~Lri!J..:IL'!JlJ~1[;l""1lJ(Standard Deviation) 

4.50 - 5.00 ""~1!JCi..:l ~'VI{;l~'fJ'!J~1~1,.mL!Jn"~~'!J"ll'fJ..:IL'VIlJ~'fJ~tlJ"~~'!J~~1n 

3.50 - 4.49 ""~1!JCi..:l ~'VI{;l~'fJ'!J~1~1,.mL!Jn"~~'!J"ll'fJ..:IL'VIlJ~'fJ~tlJ"~~'!J~ 

2.50 - 3.49 ""~1!JCi..:l ~'VI{;l~'fJ'J~1~1,.mL!Jn"~~'J"ll'fJ..:IL'VIlJ~'fJ~tlJ"~~'!JU1lJn~1..:1 

1.50 - 2.49 ""~1!JCi..:l ~'VI{;l~'fJ'!J~1~1n·ILL!Jm~~'!J"ll'fJ..:IL'VIlJ~'fJ~tlJ"~~'J'lJ'fJ!J 

1.00 - 1.49 ""~1!JCi..:l ~'VI{;l~'fJ'!J~1~1,.mL!Jm~~'!J"ll'fJ..:IL'VIlJ~'fJ~tlJ"~~'!J'lJ'fJ!J~1n 

2. n1,.i'5LM1~'\.fL:n..:l'"1CWl1"r'l tlJ~';llJ"ll'fJ..:In1,.i'5L,","1~'\.f;)'fJ~~L:n..:l'"1ruJ11Yi 04'!JL~~n1" 
I '" 

i'5 L,","1~"..1{;l!Jn1"U1;r'fJ~ ~'VInU"~L~lJ~ 1U"~~ ';l ~ e.J ~ L;)1 ~';l !JnlJ L~'fJn 1"~ ,",';l1~ vi..:l;r'fJ~~'VI1..:1 ~1lJ 
OJ • OJ 

I II I I 

~t1~ LL~~;r'fJ~ ~"1n;r'fJ L~lJ'fJ LLlJ~L~'fJ""1 e.J~ilJ~ {;lVf1!J"ll'fJ..:I~ [;li'5'VIm~Vlij e.J~ 1PI'fJ ~Vlij ,",';l1~'!JnYii'fJ..:I 



n11~m~t1~ j;]1j'VlfJ1~~ij eH~ ~'el ~~ij 1Ol,)1~'lJn'rl1'el\l'Vl1\1 n11~'el\l L~'l.lL~'el'l.l11\1 L~'eltl1~1Hf 
...., ...; 0" ..I~ "J' " "I 0 ~ 1:"1 

t'l.ln11'el'elnLL'lJ'lJ ~~j;}~\I"'~1fJ L'rl'el'l.l1~'el~~'Vl ~j;}LtI'l.l'rl'l.l31'l.l~'el~~ ~'l.ln11'l.l"1 ~tJh ~'l.ln11'el'elmL'lJ'lJ 

eJ~~.n CUerl ,..1'el ~ ,)'l.l~'l.l1~ L~fJ,);]'el\l n'lJ ~~ij 101') 1 ~'lJ n'rl 1'el\l'Vl1\1n 11~'el\l L~'l.lL~'el'l.ln\l ~ \I 

v'h n11~nWILj;}fJt-ifLL1J'lJ'Vl j;}~'el'lJ L~'el"'1;]'el~~tJ ~h'l.ln11~'el\l L~'l.l~'el\l ~~ij 1Ol,)1~'lJn'rl1'el\l'Vl1\1 n 11 

, " 
~'el\l L~'l.lL~'el'l.l11\1 v'ht\~\n j;}'Vl~'Mfl~Vh"'~1~~~n'lJ'1.JIOlIOl~L,..~ht1 Lj;}fJt!n'el'elnLL'lJ'lJ~1~11t1t'l.l 

'Vl~'Mfl~\lmh')LtJt.rL'l.ln 11'el'el nLL'lJ'lJ eJ~ j;].nCUerl~'elLtJ ~1~11mL1J\I"r,);]'eln11~n'M1 H1LtI'l.l 3 

" "r,);]'el ~\I ~'elLtJt1 

1. ~n'M1;]'el~~~,)'l.l~IOlIOl~ tJ1~n'el'lJ~,)fJ L'rll'l, m'J, LL~~1~~'lJ1Ol,)1~~n11'Vl1\1n11 

~'el\l L~'l.l ~1 eJ~ n11ij 1Ol,)1~-nj;} LIOl'l.l~'el\l~1tl j;]1'elt.lt'l.l1~~'lJtj;} (eJ~1Ol1nn11j;]1,)1Ol ~'el'lJ~,)'l.l'lJ 1Ol1Ol~) 
OJ OJ • 

2. n11'Vl j;}~'el'lJ~ j;]1j'VlfJ1~~ij eJ~ ~'el eJ~ij M1~'lJn'rl1'el\l'Vl1\1n 11~'el\l L~'l.lL~'el'l.l11\1 L~'el 
OJ 

~'el\ln11'Vl11'lJn\l1~~'lJ1Ol,)1~-nj;}LIOl'l.lt'l.ln11~'el\lL~'l.l~ Lj;}ULLfJn'el'elnLtI'l.l 5 ~,)'l.lt.l'elfJ ~'el 

_';lULL,n ~'el n11'Vlj;}~'el'lJ1Ol,)1~-nj;}LIOl'l.l~'el\ln11~'el\lL~'l.l~ Lj;}fJt;r:jfin11 

~fJ\I~1~'lJ1Ol1n~1nLtJ"'1U'elfJ 
.J" ... ~, "..I.... , .. ...l'';lU''.'!I.:! 1Ol'el 'Vl j;}~'el'lJ1Ol,)1~'ll'el'lJ~'el\l~,)1 ~'Vl~ 1Ol,)1~'rln'rl1'el\l'Vl1\1n11L "''l.lL~'el'l.l 

11\1~'l.l 'll'el'lJ~tj;}~1n~qj;}Lj;}fJt~n~~~,)'elt.l1\1~t~~~fJ~~1'll'el'lJ~tj;}~1n~qj;} 

_';lU;!.11J ~'el 'Vlj;}~'el'lJn11~'el\lL~'l.l~~j;]N;]1~~1~tj;}L~'l.l-nj;}LIOl'l.l~1n~qj;} Lj;}fJ 

"I ".... 0.... ~. I " ctl IA.... .... ~"I".I 
~"'L1fJ\I~1 j;}'lJ1Ol1n~1n ~lJ"'1'l.l'elfJ 'll\l eJ,)lOlfJ~fl1'rl~ ~"'j;}lJ1~n'el1Jn11'Vlj;}~'el'lJ 

OJ OJ 

_';lU;!; ~'el 'Vlj;}~'el'lJ~ j;]1j'VlfJ1~ n'lJIOl,)1~i~n~'el\l ~'Vlj;}~'el'lJ ~1~tj;}t~IOl,)1~i~n 

'elth\lL1 Lj;}tl ~~fJ t ~fl1'rl~Vl~ ~tJ1~n'el'lJ n'lJ t11~ 101')1 ~i~ n j;]1~ 'Vl ~'Mfl~'el\l~ j;]1j'Vl fJ1 ~ LL~ ~t~n ~ ~ 

" ~,)'elt.l1\1'lJ'eln~1~t!'l.lt~IOl,)1~~n'elt.l1\1L1 
, , 

" .Q.Q CI~.Q"~ a~.ct

3. ~'el L~'l.l'el LL'l.l~L 'rl~ Lj;]~~'el\ln11~'el\l L"''l.l~ LL~~n11Ln j;}1Ol,)1~X~ nIOl1nn11~'el\l L"''l.l~ 'll\l 

n~~ ~,)'elt.l1\1~ 1~11rl LL~ j;}\l1Ol,)1~ f;j;} L~'l.l,..1'el''el L~'l.l'el LL'l.l~'lJ1\1'elth\lt""~~fJ'Vl11'lJ'l.l'elnL"'U'el1Ol1n 

;]'el'Vl j;}~'el'lJ 
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, I I 

~ CII't "0 " ... I .... ~ Q Q 9Cl1Cl1 I t1.Q1Cl1 
(:.J~m rf"lm~t1'Vl ~~"'l:;U 12.J1V11'l1'fl~ tlJ 'J LM1:;V1 LL~:;L~U'fl LLU:;"'llJl'J'Vltl1~'Vl2.J (:.J~ lJl'fl~'Vl2.J 

, ., ., 
1il'J12.J'lJn~i'fl..:!'Vl1..:! mr2.J'fl..:! L~UL~'flUr1..:! LY4'flU1 (:.J~'I!U2.J1 LUU'Vl ~~D1. umr'fl'fln LL'IJ'lJL~~..:!r;)'flLl.JU 

., 
fi.ltlJin~tlJ:;'lI'fl..:!n~2.J~'J'fltl1..:! ~1U'JU~..:!V12.J~ 20 IilU LUUL~Pl"ll1t1 10 IilU 

10 liluij'fl1~~..:!q~ 1 IilU 'fl1fJ 54 tl ij'fl1tJ~1q~'fl~~ 24 tl 1 IilU L~t1ij'fl1~L~~t1 

1il'J12.J~mr'Vl1..:! "humr2.J'fl..:! L~U'fl~1.ur:;~'IJ 2 2.J1n~q~ r'fl..:!~..:!2.J1'fl~1.ur:;~'IJ~ 
AI1. ~ ~ •'fl\j ur:;~'IJ'Vl 3 (P113J Pl1"HI'VI 4.1 ) 

"lI1t1 10 

10 

20 

50 

50 

100 

'fl1~~..:!q~ 54 tl 1 5.0 
~ I 

o 24
'fl1fJlJl1q~ ~IlJ 1 5.0 

, ~ ~.:;"j 

F11L'Ufttl (Mean) ,.,. . 

F11L'UtI-:lL'UU3J1(;l'31U(Std.Deviation) 

39.30 

8.83 

.~ ~-i 

8 

5 
cv-Cll Go' Go' 

r:;~'IJ'Vl 4 r:;~'IJ1il'J12.J"lI~L"'lU'lI'fl..:!~1t1lJl1 o o 
., .__._­

r:;~1JVi 5 r:;~'IJ1il'J12.J-n~L"'lU'lI'fl..:!~1t1lJl1 o o 
20 100 

-
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4.2) 

1JI1".:I;! 4.2 LL~ (;).:1 m~ (;)~'el'lJ~ j;]~'VltJ 1~~ij ~~ lJI'eleJ~ij l"l'J1~'lJ n'rl1'el.:l'Vl1.:1 m1~'el.:l L~t.lL~'elt.l11.:1 
OJ 

(~~~'el..:lL~t.l;(;)L~t.l~1n~~(;) 

4.73 10 

5. ~L"'~'el..:l 9.27 4 

6. ~... ... 4.34 12L~tJ'JL"'~'el..:l 

7. ~L~m 9.93 2 
"~"" Ii 

8. ~L~tJ'Jtl1~t.l 4.74 10 

9. iU1L1u 11.31 1 

10. ~,.]'J..:ltl1L~t.l 8.68 6 

11. ~,.]'J..:l 4.93 9 

12. ~,.]'J.:I LL(;).:I 9.47 3 

13. ~~1'J 9.07 5 

14. ~~1 8.15 7 

15. ~L'Vl1 1.97 14 

-
~ " .... I Ill .. 

~1n rJ'an1~"~.'j}tl AIJ1 JJ'!l'iltJ.,,'lJ'j}~ rJ"JJ AIJ1 JJtJn'W~'j}~"1~n1~JJ'j}~ L"'l.lLi'j}'l.l~.s... 
~tJ.:I~1~'lJj;]1~l"l'J1~'~'lJ~1n~1nLU"'1~~U ~~~l"l'J1~''el'lJ~1n~~(;)~'el~L'''~~~ ~~'~'lJ 
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~ ~ 

1'fl..:!~,nJ1~'el'W1~'lJLL~~~,.],;)..:!LL~..:! LL~~~~~L'VI~'fl..:!.~ L;jm, ~L;jm L'VI~'fl..:!,~,.]';)..:!,j1L~'lJ ~1~~1~'J 
I I ~ 

LL~:;~Viiilil,;)1~"ll'flUi.l'fltJVi~~'VI1'fl1,.]"ll'flUL~tJ ~'fl ~LL~..:!. ~~~LL~..:!,~~~, ~L;jtJ';),j1~'lJ, ~,.]';)..:!, ~ 
~o ~ 0 .,.J. ... ~.eM..l .... ~~ 

"111';), ~ ~1, ~"II1,;) j;]1~~1 ~'J en..:! L'W flI"ll1tJ~lil';)1~"ll'flU~ L'VI~'fl..:!~1n'Vl~ ~ ~,;)'lJL'W flI'V1'lJ..:!~:;"ll'flU~'lJ1 

......l ~ 
L..:!'lJ~1n'Vl~~ ((;113.1'1111.:1" 4.3)• 

0 0 

2. ~~~LL~..:! 0 0 0 0 

3. ~~~ 0 0 0 0 

4. ~~~L'VI~'fl\l 1 1 6.3 6.3 12.5 

5. ~L'VI~'fl\l 3 18.8 63 25 

6. ~... .eM 0 1 0 6.3 6.3L"IImL'VI~'fl\l 

7. ~L;jm 1 0 6.3 0 63 
~~~v 

8. ~L;jm,j1L~'lJ 0 0 0 0 
~~ 

9. ~,j1~'lJ 1 2 6.3 12.5 
~ 

1O. ~,.],;)\I,j1 ~'lJ 0 1 0 6.3 

11. ~,.]';)..:! 0 0 0 0 

12. ~,.]';)..:! LL~\1 2 1 12.5 6.3 

13. ~"II1,;) 1 0 0 0 

14. ~~1 0 0 0 0 

15. ~L'Vl1 0 0 0 0 

I I 

I ...~" " ...

lil1'Vl ~~lil:;LL'lJ'lJ'lJ'fltJ'Vl~~ -



I 

~ 't-lJtt~ 'nt-H"nt-lJtt~ 'nt-1 l.,nlJli~1~::;~11 %0 ~ rLUl.,lJ.1tt~~· t-~11~ ~@Jl!1l.,ttt-~t-@J~ %S~ I1.Ul.,IJ.1 
~ I fir ",t ," .. " f=r ~ Ie I,fIW fi fir IP	 Ie 

l,,~~ ij,~~~lA.ul"l1nu~ll1l"tJ~lI1.tlA.~I1ij,~~IA.~l"U~t:lUl,,~ Iil,nk\Smu1£!rcl,tlbtk\'Q6'" 11~1,,~111,,~ 
o ;;; II=P F" ~ j;" "F';;;	 • ,.... ,. Ii; ... 0 

1,,11t-~t-ij,~ 1,,1A.1~ 't-ij,~1I1.1I1,\3~ '11,\3~ 't-~11 ~ 'tJra~1~ 'nt.1 1,,!tt-tJ!1~~~11 % S ~ nt.1 l,,!t~ij,~ 1,,11t-~t-ij,~ 

" " 
% OG I1Ul"IA.1t-ij,~1I1.1~ ij,~~~lA.ul"l1nu~ll1l"tJ~II1.' 1A.~11ij,~~IA.~l"U~t:lUl,,~ nl,nltuhflu!1rcl,tJbt

t"O I II=P;;; II=P	 II=' F=' j;" " !til=";;;
 
," I
 

~tI!! 11~1,,~111,,~1,,11t-~t-ij,~ 1,,1A.'~ 't-tJ!1~ 'nt.11,,!t~ 'nt.11,,!ttJra~1~ ·t-ij,~111.1~~~11 % O~ 11"V1,,!A.1 
" " 

nt-11.. nt-tJl1~·t-ij,~1I1.1tJra""~~ij,~1,,11t-~t-ij,~ % OG I1Ul"lA.1 tJra"'1~ij,~~~IA.Ul"l1nU~ll1l"tJ~II1.' IA.~ 
- 0 I;;; I=' F=';;;;;; I='	 ... 'F=';;; II=' F=' II='~" " It!l=';;;

~	 I ~ , 

11ij,~~ lA.~l"U ~t:I Ul,,~ 1i1,~btnsfi1 'nSfi1U~u!Jrcl,e,bt~~! 11~1,,~111,,~1,,11t-~t-ij,~ t-~11 t-tJ!1~ 't-tJ!1~ 

'nt.11,,!t~'nt.11,,!ttJra~1~ ·t-ij,~1I1.1tJra~1~~~" % OG 11,.V1,,!A.1 tJl""'I1,,Vt-ij,~1I1.1~ij,~1,,11t-~t-ij,~ % SG 11"V1,,!A.1 
" " 

tJra"'1 ~ij,~ ~ ~lA.ul"l1nu~ll1l"tJ~II1.' 1A.~11ij,~~ lA.~l"UUl,,~ 1i1ll4S~rtUldrtl,e,btk\tI!u. 11~1,,~111,,~11=';;; IP' II=' fl=l' j;" " 1.1'=';;	 ,.. I"... ,...,. 0," , 
1,,11t-~t-ij,~n~1,,!tW~1~~~11 % OG 11"V1,,!A.1 1,,~~ij,~1,,11t-~t-ij,~ %SS t-~11~ij,~ ~~~Ul"l1t:U~tl1l"tJ~ 

" , " 
~t~~I1ij,~~IA.~l"U~t:lUl,,~IiU14"'!'t'l-:;g,~'Lns~,u!Jrcl,e,btl\~! t-l"!3ij,tJ~I1~UI1ij,~~IA.~l,,UUl,,~ 

ft\tJ~~l"ralA.~~~t-1,,1A.~!111111,,~ ~n~1~l"UUl"~u~tl1l,,tJ~Ul"~l1l,,Ura~lr~ij,~~IA. t'l,g,nS!,n~ ,t'src 
I 

III III 

g,l,Ut'l,~t'SfMunrcl,e,bt~~~ t'S~u!frcl,e,btn~!l,li~~14~nSfll4~g,l,U~~Ul,~ 

~~lA.raij,nnn,,~~~'1A.1,,~ _ 
... 15 15k... ,, , 

b 

~~IA.Ul"l1nn11~~~' 1A.1,,~ 
,II=' "kfl=l', I 

v	 vv'S ~ l,,~~ - tJl,,"'~ '1. 

S vVv~ t-~11t-tJl1~ - t-ij,~1I1.1tJra"'1~ '9 
.;;; II=' ro;i; 

9 £1.'O~ t-tJ!1~ - t-ij,~111.1~ 's 

G S1.'9 ~ nt.11,,!tt-tJ!1~ - t-ij,~1I1.1I1,\3~ 'v 

(raij,nl"lI1.ft' Ul"I1Ul,,~) ~~lA.n~1~lJ.nIl1.11A.111""'t-~~~~nIl1.1t-ij,I1~l"UI1ij,~~IA.~l,,U~t:lt-~~11 v'v ~t'Ul,14
"k F'.... Dr"" ;;;. D	 ... 

(v'V ~t'Ul,14rcl,14) nt-11"nW"'1~ - t-~1111~~~ij,~~~lA.raij,n~lJ.nIl1.11A.111,,"'M~~~~~11 11~1,,~111,,~ 
.... __ 0 fl=l' ;;; ~;;;. IFr I=' ",. D II=' ,,;;;. ,. 0 
,- II I I 

t-tJ!1~ - t-ij,~111.1~~ 't-~11t-tJ!1~ - t-ij,~1I1.1tJra~1~~ 'l,,~~ - tJl,,"'~~ 'W~1~ - t-~11~~ ~~11 nt.11,,!tt-tJ!1 
" 

09
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,j'J"lLL(;l"l, ~L'Vl11'tl"lfl"l).J11J11).J~1~tJ im"A'J1J.1Rmil'ilm~uLL~::'JI.:I'U IQl1neJfln11'Vl(;l~'tltJ~~ 
G 

.., I .., .., 

t~l"l'J1).Ji~ni1).J1nVi~(;l~'tl ~L~mL~~'tl"l L'YhntJ 15 % 1'tl"lfl"l).J1~'tl~ ~L~mU1L~\J, ~,j'J"lU1L~\J, 

~,j'J"lLL(;l"l,~'1I1'J L'YhntJ 10 % LLfl~~L~m,~L'Vl11'tl"lfl"l).J11J11).J~1~tJ im"A'J1J.1Rn'JIel;u
G 

luLl.:llQl1neJfln11'Vl(;l~'tltJ~~t~l"l'J1).Ji~n~).J1n~~(;l ~'tl ~,j'J"lLL(;l"l L'YhntJ 15 % 1'tl"lfl"l).J1~'tl~ 

LL(;l"l, ~L~~'tl"l, ~L~tJ'JL~~'tl"l, ~L~m L'YhntJ 10 % LLfl~~L~tJ'JJ1L~\J1'tl"lfl"l).J11J11).J~1~1J im" 
I .., I _ 

A'J1J.1pnii'JIJ.l16 1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l ~'tl ~'1I1'J L'YhntJ 15 % 
~ ~ 

1'tl"lfl"l).J1~'tl~L~~'tl"l,~U1~\J L'YhntJ 10 % LLfl~~L~m, ~,j'J"lU1L~\J, ~,j'J"l, ~,j'J"lLL(;l"l,~~1,~'1I1'J 

1'tl"lfl"l).J11J11).J~1 ~tJ im"A'J1J.1RniiA'J1J.1'J1'!1 1il1f1 eJfln11'Vl (;l~'tltJ~~t ~l"l'J1).J1~n~).J1n~~ (;l
G 4 CU q 

~ 

~'tl ~,j'J"lLL(;l"lL'YhntJ 20 % 1'tl"lfl"l).J1~'tl~L~~'tl"l,~U1L~\JL'YhntJ 10 % LLfl~~~).J, L~~'tl"l, ~L~tJ'J 

L~~'tl"l, ~L~m, ~L~mJ1L~\J, ~,j'J"lJ1L~\J1'tl"lfl"l).J11J11).J~1~tJ im"A'J1J.1RnaUL9i'U LflLlliI 
G 

I .., I .., 

1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l~'tl~,j'J"lU1L~\JL'YhntJ15 % 1'tl"lfl"l).J1~'tl~LL(;l"l,~ 

,j'J"lLL(;l"l,~~1L'YhntJ 10 % LLfl~~L~tJ'J1'tl"lfl"l).J11J11).J~1~tJ im"A'J1J.17imnel'Wr.:l 
G 

n'l::'YjJ.ln'l::'II'J!I ~ ..I II II~': ..I
1il1neJfln11'Vl(;l~'tl1J~'Vlt~l"l'J1).Jl~n\J).J1n'Vl~(;l 

.odI ~... ,"
l"l'tl~L'1ItJ'JL'Vl1ntJ 15 % 

~ 

1'tl"lfl"l).J1~'tl ~~).JL~~'tl"l,~L~mL~~'tl"l,~,j'J"lLL(;l"lL'YhntJ 10 % LLfl~~LL(;l"l,~L~~'tl"l, ~L~tJ'JU1L~\J, 
~ 0 0.. ~ ..... IV ~... ~ ~ ... ~..I"1 II 
~(;l1 1'tl"lfl"l).J11J11).Jfl1(;ltJ 1t'YI L'aIIA'J1J.1'l1tn{l.:lA'J1J.1J.1UA.:IJ.I.:IJ.lIil1neJfln11'Vl(;l~'tltJ~'Vl ~~ 

G 

I ~ I 

Lnflrhr.:l-J.:I'II1 1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l ~'tl ~LL(;l"l L'Yl'lntJ 20 % 

.cII~"'_'" "31 0., • ., !'13'- J"tI"1'tl"lfl"l).J1l"l'tl~\J1L"l\JL'Vl1ntJ15 % LLfl~~).J'J"l1'tl"lfl"l).J11J11).Jfl1(;ltJ i'YI L'aIIA'J1J.1I1tm"'l'l{y J.I.:IA.:I 
I .., I .., 

1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l~'tl ~U1L~\JL'YhntJ 15 % 1'tl"lfl"l).J1~'tl~L~~'tl"l 

L'YhntJ 10 % LLfl~~LL(;l"l, ~L~tJ'JL~~'tl"l, ~L~tJ'JJ1L~\J, ~'1I1'J 1'tl"lfl"l).J11J11).J~1~tJ iiI"L" 
I .., I .., 

A'J1J.1pniiL'JIU" 1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l ~'tl ~,j'J"lU1L~\JL'YhntJ15% 
~ 

1'tl"lfl"l).J1~'tl~,j'J"lLL(;l"lL'YhntJ 10 % LLfl~~~).JLL(;l"l, ~~).J, ~L~~'tl"l, ~U1L~\J, ~,j'J"l1'tl"lfl"l).J1 

1JI1).J~1~tJ im"A'J1J.1pnil.:lA'J1J.1L7Ur'U 1il1neJfln11'Vl(;l~'tltJ~~t~l"l'J1).Ji~n~).J1n~~(;l ~'tl 

~~1L'YhntJ 40 % 1'tl"lfl"l).J1~'tl~~).J, ~L~mJ1L~\J, ~,j'J"l, ~'1I1'JL'YhntJ 5 % im"A'J1J.1Rnii 
G 

I .., I .., 

41U1"'1 1il1neJfln11'Vl(;l~'tltJ~Vit~l"l'J1).Ji~ni1).J1nVi~(;l ~'tl ~U1L~\J L'YhntJ 15 % 1'tl"lfl"l).J1~'tl 

~'1I1'J, ~~1 L'YhntJ 10 % LLfl~~LL(;l"l,~~).JLL(;l"l, ~L'Vl11'tl"lfl"l).J11J11).J~1~tJ im"A'J1J.1RnUIf71 
G 

~..I"1 II ~.: ..I .odI ~ 0 '" .odI ~tPIn 1il1neJfln11'Vl(;l~'tltJ~'Vl ~~l"l'J1).Jx~n\J).J1n'Vlq(;l l"l'tl ~(;l1 L'Vl1ntJ 35 % 1'tl"lfl"l).J1l"l'tl~'1I1'J 

L'YhntJ 15 % LLfl~~ L~tJ'JJ1 L~'U, ~~'J~ LL(;)~, ~ L'Vl,) 1tl~iN).J') lJ1,)).J~') ~1J im,"fll~1)jiinL~!I1J 
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, .., 
"lI13J "'l1neJ~n11'V1"'~tlu~Vit~fil'J1~i~n;hJ1nVi~", ~'el~~1 Lvhnu 25 % 1tl.:l~.:I~1~'el~L'Vl115% 

'9 t'... '9 0 .., ~ .. AI !"5 _ .t '9..l'l .. 
LL~:::~'I.l1L.:I'I.l, ~~1'J 1tl.:l~.:I~1lJ11~~1"'U -n'VI L"'f'l'J13J'l-nmJ'ltl'VIfi "'l1neJ~n11'V1"'~tlU~'V1 ~~ u • .. , 
fil'J1~i~nil~1nVi~", ~tl ~~1'J Lvhnu 50 % 1'el.:l~.:I~1 ~tl~L~~tl.:l, ~~'J.:ILL"'.:I, ~L'Vl1LVhnu 5 % 

,.. , 
o cv" All .oICII II II CII .IlCII .4 I

lJ11~~1"'U i'ViYh."'f'l'J13Jpm..l'ltWlJI "'l1neJ~n11'V1"'~tlU~'V1t~fil'J1~l~n'l.l~1n'V1~'" fil'el~~'J.:I 

~1~'I.lLVhnu 25 % 1tl.:l~.:I~1~tl ~~'J.:ILL"'.:ILVhnu 15 % LL~:::~~1'J 1tl.:l~.:I~1lJ11~~1~U iYh." 
, .., 

f'l'J13Jpn'iltJ~'U "'l1neJ~n11'V1"'~tlU~Vit~fil'J1~i~nil~1nVi~", %~tl ~L~~tl.:lLvi1nu 15 .. .. ..
 
1tl.:l~.:I~1~'el~,j1L~'I.l, ~~'J.:ILvi1nu 10 % LL~:::~t\'~, ~L;jm,j1L~'I.l, ~~'J.:I,j1L~'I.l1tl.:l~.:I~1 

lJ11~~1~U iYh."f'l'J13JpnLLr11l'l1 "'l1neJ~n11'V1"'~'elU~~t~fil'J1~i~n~~1n~~", ~tl ~L'Vl1 

Lvi1nu 35 % 1'el.:l~.:I~1~'el~~'J.:ILvi1nu 10 % LL~:::~t\'~1tl.:l~.:I~1lJ11~~1~U iYh."f'l'J13JRn 
, .., oa 

infitJ "'l1neJ~n11'Vl"'~'elU~Vit~fil'J1~i~nil~1nVi~", ~'el ~~1 Lvi1nu 35 % 1tl.:l~.:I~1~'el~L;jm, 

~L'Vl1 lJ11~~1~U ivh."f'l'J13Jpn'ii'il'ULL'iI "'l1neJ~n11'V1"'~'elU~~t~fil'J1~i~n~~1n~~", ~'el ~ .. .. 
L'Vl1 Lvi1nu 15 % 1tl.:l~.:I~1~tl ~~'J.:ILL"'.:I Lvi1nu 10 % LL~:::~t\'~LL"'.:I, ~L;jm,j1L~'I.l, ~,j1~'I.l, ~ 

~'J.:I, ~~11'el.:l~.:I~1lJ11~~1~U im"f'l'J13Jpntltj1.:1 "'l1neJ~n11'V1"'~tlU~~t~fil'J1~i~n~ 

~1n~~", ~tl ~L~~'el.:l Lvi1nu 25 % 1'el.:l~.:I~1~'el~~1'JLvi1nu 20 % LL~:::~L;jtJ'J1tl.:l~.:I~1 
o .., ... 

lJ11~~1"'U (lJI13JlJI1'l1.:1'V1 4.5) 
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5 20 0 0 

o 0 0 5 

o 0 0 5 

5 0 15' 5 

10 10 0 5 

5 15 10 0 0 

10 0 0 0 0 

10 0 0 0 35 

0000355 
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500505400 

00000055005 
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. -4 
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o 0 0 0 0 0 0 0 10 0 0 5 10 25 15 

o 
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o 5 0 4 0 0 I 0 5 5 0' 5 10 0 5 15 

o 

o 5 

o 0 

o 0 

o 0 

o 0 5 0 

o 0 000 0 

5 

o 5 5 0 

o 0 5 0 

o 0 0 0 0 15 5 10 0 

000 

505 

10 0 10, 0 0 0 0 5 0 
I 

10 

5 0 0 10 5 10 

o 550 5 0 

5 

20 

I ~Vi1~"':113-Ji~m~'EI'l..l1~1:;~'lti'l..l1Jl11tJ 

2 . ~~1~",)13-Ji~mJfl'Elj;JJ1tJ 
3-~~1~",)13-Ji~mimJ'EI'l..l, ~'EI~··'l..l~···"··~fl····1··~tJ~~··~ 

4 i~1~",)13-Ji~n~~n~'l..l1'l..l· 

5 ~~1~",)13-Ji~m~'EI,..tl1tJ 

6 ~~1~",)13-Ji~mll'Elm£j'l..lLLfl:;~'lU 

7 ~~1~",)13-Ji~n~j;J~'l..l 1~~'l 

8 ~~1~",)13-Ji~n~~3-J1fi 

9 ~~1~",)13-Ji~n~~,)13-J~~ 

10 . ~~1~",)13-J-i~~~'l..lLiJr'l..l L111101 

11 ,~~1~;;13-Ji~miij;J'Vi~'l m:;'lj3-Jm:;'ll')tJ 

12 ~~1~",)13-Ji~n~'l",)13-J~'l..l"'l~'l~ 

13 . ~~1~"-;13-Ji~n~(;l1~ 11L1'l LUnU1'l..l 

14 ~~1~;;~3-Ji~miij;Jri1~'l~'l"ll1 

15 ~~1~",)13-Ji~nLIOl1qj J'l~'l 
16 ~~1~",)13-Ji~n~L~tl1f ~.~.~~ ~ ..~~ ~ 

17i~1~,,')13-Ji~n~'l"')13-JLhl~U 

18 ~~1~"')13-Ji~n~ti1'l..l11Ol 
.~_._.~~... 

19 ~~1~"')13-Ji~nLfi11,.i:fi1n 

20 ~~1~"')13-J~nL~tJu~13-J 

21 . ~~1tX~')13-J~nU1~V1~ . 

22 ~~1~"')13-Ji~m.h~rulJl 

23 ~~1~"')13-Ji~n'Elu~'l..l 
24 ~~1~"')13-Ji~mLri'll····~1-1~··_·· 

25 I ~~1~"')13-Ji~n~n~u 

26 ~vI1~m13-Ji~nfi'El'l..lLL'EI 

27 • ~~1~fil'l13Jt~ntlrjl~ 

· ....fi1l'l1.J 
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..., t~""" ....., .,""".. . ...1n~~ n1"1'V1 ~.'eltJn1"1u.!m'l::~tJ'lI'eHI 'VIU'I 'VI Ln~ LA!I.:1nU'lI'el.:l ~'VIaJ A';)1aJtJ nYi"1'el.:l... 
'VI1.:1n1"1aJ'el.:l L~U L;'elU"11.:1 til1 n eJ ~ n11V1 C1I~'fl'J n11LL!J n1:;~tlL 'VI'I..l~~Ln~ L~!J.:l rit.l~,)!Jn 11 

)J'fl.:lL~t.l ~~1)J11mL!JnLVlt.l~1~-nC1lLtilt.l~~C1I~1~m~~.:l~'fl ~2J,).:lLLC1I.:l, ~~1,) - LVl1 fOi1L~~!J• 
~	 I 

L'Yl1riU 4.26 1'fl.:l~.:l)J1~'fl ~L~mL~~'fl.:l, ~U1L~t.l, ~2J').:l, ~~1- LVl1 ijfOi1L~~m'Vl1riu 4.21 LL~:; 

~1~U~C1IVi'1!J~'fl ~LLC1I.:l ijfOi'"IL~~m'Yl1riu 1.07 [;l1)J~1~U (~1"11.:1;14.6) 

2.	 ~~)JLLC1I.:l 19 

3.	 ~~)J 19 

4.	 ~~)JL~~'fl.:l 19 

5.	 ~L~~'fl.:l 19 

~.... ....6. L'!ImL~~'fl.:l 19 

7.	 ~L~m 19 
~Ii 

8.	 ~L~mU1L~t.l 19 
~ 

9.	 ~U1~t.l 19 
~ 

10. ~2J,).:lU1~t.l 19 

11. ~2J').:l	 19 

12. ibJ';).:Iu.".:I 19 

13. iI,.1';) - L'VI1 19 

4.15 

4.10 

4.16 

4.10 

4.21 

4.15 

4.15 

4.21 

4.15 

4.21 

4.26 

4.26 

0.95 4 

0.87 5 

0.69 3 

0.87 5 

0.85 2 

0.95 4 

0.95 4 

0.85 2 

1.07 4 

0.85 2 

0.80 1 

1.04 1 

14. ~~1 - LVl1 19 4.21 1.13 2 
.-;.&~~ ~ ~~ 

fl1L~""N 4.15 0.10 



tJ'VI'VI 5"'"

.,tJ LLa~it1 L.'Ut1 LL'U~ 
'I 

5.1 'I'ltll\,l-an1'lRnti1Ll.-a:::"li-aL'IU-aLl.U:::• 
" " 1il1 n eJ~ n11~ m~t11. ~n11ii~tl r1r~U ~1~11,nj1~1 Lf.I~~fl L~~fl LL ~~ LL ~t;l'Vl1~ 1.~n11 

m 1~ m~n~ (;lii'Vltl1~~ij eJ~ ~fleJ~ij r1t;l1~'IJ n'Vi 1fl~'Vl1~ m1~fl~ L,"~L~fl~11~ L~fl'll1~11.-n~m1.. 

, " 
Lflm~~fl~ L,"~Vi LVitl'IJ Lfitl~ n'IJ r1~1J n~i.,.]~1n rhJfltli.tJi'~~U 

1. ~(;lii'Vlm~~ij eJ~ j;]fleJ~ij r1t;l1~'IJn'Vi1fl~'Vl1~ m1~fl~ L,"~L~fl~11~ ~1~11t'l1.-iI1.~n'IJ L'Vi1i!..
," , 

"ll1tl LL~~L'Vi li!'Vlcij~i.tJl1.~1~~'IJVi L'Vh n~ ijm~ iK~ LLLJi L~ nlil~~~ ~~~fl1~ ~~ij r1t;l1~ I1ffl~ m11.~n11 
I I " " 

~fl~ L,"~~Vi~1~11t'l LVitl'IJ L;itl~ n'IJ r1~1J n ~ ~~ijVf~1~~'IJ r1t;l1~~ n11'Vl1~ m 1~fl~ L,"~iK~ LLj;]~1 n 
, , 

(1~~'IJVi~fl~) i.,JIil~~~ Lnfl'IJhi L'"~i.,.]~1~11mLtlmLtl~~i.tJi' (1~~'IJVi,"1) 

2. 1il1neJ~n11~m~nm1~fl~L,"~~~L,"~;~LIil~~1n~~~i.1JIil~~~oWfltl~~~'Vi'IJ~1n~~ 

iKt;lfl!h~~fl~ L,"~~~1 ~~;~ LIil~~~ ~ LL~~!!~~~fl~n'IJ~Jl1'Vi LLt;l ~i\'fl~'Vl1~ LL~~ L~1~1 L~m~fl~ tl1 

.... ...l.... .... .. 9" ..:. J' ::. 1. ., .... II

1.~mtu'Vl~LL~~~t;l1~~1nlil~~m1~fl~L'Vl~~"ll~LIil~tl~"lJ~ ~flnIil1n~~ 1~tl~ ~m1~fl~tl~~eJ~(;lfl 

n11L'"~~;~ i.,.];~~ n tJi't;ltl 

. , 
., 91. IIQQ I Q' .ell

3. ~m~ttu~"lJfl~ r1t;l1~"llfl'IJ~ ~~~~fl~"lJfl~ eJ'Vl~ r1t;l1~'IJn'Vi1fl~'Vl1~ n11~fl~ L'Vl~L~fl~11~ .. 
" ,
'l!~ij r1t;l1~"llfl'IJ"lJfl~~Vi LL(;ln LJl1~ n~i.1J (;l1~~Jl1t;l~'Vl1~~~r1~ LL~~m1~fl~ L'"~ 1il1 n m1'Vl ~~fl'J 

, " , 
'Vi'IJ~1n~~iKt;lfl!h~"llfl'IJ~L'Vl~fl~~1nVi~~LL~~1fl~~~~1~fl~'ll1~~ LL~~'Vi'IJ~1 L'Vili!ij~t;l~Lntlt;l~fl~ 

n'IJr1t;l1~l~n 1.~n11"llfl'IJ ~~ L,"~i.tJi'~1 L'Vi 1i!"ll1tllil~ij r1t;l1~"llfl'IJ~ L'Vl~fl~~1 n~~ ~ ~t;l~L'ViIi!'Vlcij~lil~ij 
" ,

r1t;l1~"llfl'IJ1.~~'ll1 ~~~1 n n~1 ~~~1~11t'l~t1Ji.~~1 L'Vi 1i!"ll1tl"llfl'IJ~Vi~~1~ n~1 L'Vi li!'Vlcij~ 
'9 " ...l "...l.... I .. ... .. ""...l ...

4. r1~ (;IN''ll1~'Vl eJ'Vl~ r1t;l1~'IJn'Vi 1fl~'Vl1~ n11~fl~ L'Vl~L~fl~n~ ~1~11t'l~fl~ L'Vl~"ll ~'Vl~ ~ r1fl .. .. . 
" " " ~~~ - ~'ll1 L~~ L'Vi11~~~~ LL~~~'ll"1 ~~'l!~ ijr1t;l1~"llfl'IJLtl~iJlil4'tl1.~n11m~I1f~1.'"L,"~;~ LIil~tJi't;ltl• 

, " 
5. ~ (;lii'Vltl1~ n'IJ r1t;l1~l~ n n'IJ ~Viij r1t;l1~'IJ n'Vi 1fl~'Vl1~ n11~fl~ L,"~L~'tl~11~'l!~'Vi'IJ~ 1 ; 

Ll.6HI ~11.,"Ln~r1t;l1~l~m~fl~1.,"1~1'~~~(;l11tl LL~~1.,"r1t;l1~!~mn~ri1~~1'~"ll1 ;L,";-a.:ntl~~~ 

1. ""~ 1." - ,,~ , .!"1 9...l1." ,,~ , ~.. ..0
'Vlr1t;l1~l~n~~n~~1~,'Vl1 'VlLn~r1t;l1~l~nfl'IJ~~LL~~L1..I~~'Vl 'Vlr1t;l1~l~n~t;l1~ ~L"lI!I'n,"-a-a.:l 

LtI~~~1.,"r1t;l1~l~mtJflmii~ ~~'IJ ~~1.~ 11L1~ LL~~Lijn'IJ1~ ~L~tlt;l Ltl~~~1.,"r1t;l1~1~n 



66 

• I "" I 0 "I " ... "" -J ~ .. r.... .!"I '3..l"l" "~.ell 
lJ~f1lPlfltJ l:JfI'l..ll"l~1tJ LL~:;'Vl1 ~\.HnlPl~~..:I n1:;l!)Jm':;"ll'JtJ .,.L'!I!I';I\l1L~\1 LlJ'l..l~'Vl ~~l"l'J1)Jl~m1..:1 

l"l'J1)JJ'l..ll"l..:lJ..:Iij ijl"l'J1)JL"'l1'lr) J..:I~..:I LL~:;t~l"l'J1)Jl~nij~1'l..l1"'l iaJ';I~.J1L~\1 d:l'l..l~~~1 
I I 

,,~... " ""I ,,~... I tr "I " ,,~. I ... ~ I .!"I '3"'"1" ,,~ 
l"l'J1)Jl~nl'l'l..lL(;l'l..l L11 ~"'l l~n)JL~'l..l~ LL~:; ~~l"l'J1)Jl~nlJ1:;rul'l .,.aJ';I~LL~~ LlJ'l..l~'Vl ~~l"l'J1)Jl~n 

~lPl~'l..l1'l..lL1..:1 LL~:;ijl"l'J1)J~~ ~~1'J LiI'l..l~~t~l"l'J1)Jl~nij~)J1fi LL~:;vi1t~ijl"l'J1)J~~ ilJi1 LiI'l..l 
I I " 

~iit~ l"l'J1)Jl~ mUflWl.l1tJ ij l"l'J1)J L~'l..l~'IJ ~ni'IJ ij l"l'J1)JLl'lnLl'l~1 LL~:;'IJ1..:1l"lf..:lt ~ l"l'J1)JlL1tJ'IJ 

.ell ~ .!"I '3..l"l" "~I ... I 

~1)J -"LVl1 LlJ'l..l~'Vl ~~l"l'J1)Jl~nLLn"ll11 LL~:;LnlPll"l'J1)J'tl'tl'l..lLLfi 

cv ~ '381 "oClI cv cr ".ellI .ell I6. l:J~n11'VllPl~fI'IJLLtJn1:;lPl'IJ~f1..:1 ~'Vl'l..l~ ~n~ Ll"ltJ..:In'l..l~f1..:1n11)J'tl..:l L~'l..l l:J'Vl)J l"l'J1)J'lJn~1'tl..:l 
OJ 

'Vl1..:1n11)JfI..:I L~'l..lL~'tl'l..l11..:1~'IJ~11:;~'IJ~'tl..:ln11LLtJn L'Vl'l..l~f1~t'l..l1:;~'IJ~ ~..:I L'Vl'l..l~~~1)J11t1 LLtJ n 
I " I 

1:;~'IJL'Vl'l..l~tn~L~tJ..:I1~~Vi~lPlU'l..lPi'tl L'Vl'l..l~~'J..:ILLlPl..:l LL~:; L'Vl'l..l~~1'J - L'Vl1 ~h'l..lL'Vl'l..l~ViLLtJnL'Vl'l..ll~ 

Pl'tl tJ'tlfl n Pifl L'Vl'l..l~ LLlPl..:l ~..:I n ~)J l'i'J f1t11..:1 L~'l..l~ 1 L'Vl'l..l~ LLlPl..:l Ldflfltl1'J)J n'l..lLL~'J vi1 t ~~ ~~ 1..:1~ 1 
• OJ 

L~ijfl'l..ln'l..l~)J lPl~..:I)JfI..:I L~'l..lLL~:;LLtJn L'Vl'l..l~Hll~~)J1 nun 

.., .... ..,
5.2 '!I'ilLtI\I'ilLL\I:: 

~

~\In1'l';l'il!l 

..:I1'l..l~~tJl"lf..:l~LiI'l..ln11~n~~l'l~'Vlm~~ijl:J~~'tl~~ijl"l'J1)J'lJn~1f1..:1'Vl1..:1n11)J'tl..:lL~'l..lL~f1'l..l 
OJ 

11..:1 L~f1U1)J1H1.'l..ln11'tlflnLL'IJ'IJ "'l1n~'Vl11'IJ LL~'J~1 ~~ij l"l'J1)J'lJn~ffi..:l'Vl1..:1 n11)JfI..:I L~'l..lL~'tl'l..l11..:1 
OJ 

" 
U'l..l 1~~1)J11t1)J'tl..:l L~'l..l~ L~ijfl'l..ll"l'l..ll.Jn~l~ Wi~tJ~..:Il~~1~fin11t 'l..ln11'VllPl~fI'IJn11)JfI..:I L~'l..l~~'tl..:l 

OJ 

n~)J l'i'J'tltl1..:1 L~f11~)J1~..:I~ (;l~'VltJ1~~ ~1)J1HIH' n'IJ ~~ n11'Vl1..:1 ~1tJ l'l11~ t 'l..ln11~~tJt'l..ll"lf..:lnij
• OJ 

l"l'J 1)J~1 LiI'l..l'tltl1..:1~..:I t 'l..ln11HfLl"l1f1..:1ijflt 'l..ln11'VllPl~fI'IJ ~~ij l"l'J1)J'lJn~1'tl..:l'Vl1..:1n11)J'tl..:l L~'l..lL~f1'l..l 
OJ 

11..:1~~ 1n ~~1tJ1.J1:;L~'l..l ~~1n~~1tJtr'J~'tl)J~ L~'tltlffl..:ln111~l:J~n11~4'tJ~~'tllPll"l~f1..:1n'IJ 
OJ 

I II I I 

"".1 tr"'''''~'' I .ell~" I "lk ...... "1 ...
'J(;l'JlJ1:;~..:Il"l'Vl(;l..:l ~'J LL(;ll:J~"'l1nn11'VllPl~fI'IJ"'l..:l ~lPl'Vl11'IJ'J1l"l'J1"'l:; ~"lILl"l1f1..:1)JfI ~'l..ln11'VllPl~fI'IJ'Vl 

" I I 

Pl'tl'l..l~1..:1~'l..lLL~:;n:;~lPlflPl LL~:;t-if L'J~1 t 'l..ln11'VllPl~'tl'IJUfltJ L~'tll~t~ Ln lPll"l'J1)J LUflWl.l1tJ LL~:;V1'tl LLVI 
I I I I II II I I 

t 'l..ln11'VllPl~'tl'IJ f1U..:It'l..ln1&Vi Ll'l1tJ)J~..:I~'tl..:l..n11'J)J L~'tl LiI'l..l~'l..lu"lt"'lU'l..l l"l'J1LiI'l..l~..:IVi L~)J1:;~)Jn'IJ 

i nMru:;~'tl..:ln~)J l'i'Jfltl1..:1 LL~:;~1)J11t1 Lfl111.Jt-ill~"'ll..:l 
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"'l~'1~,m1nr~'Wl~'VlmitJ Iilru~~'Vlml'l'1~j;lf l'l'l.lm~tJJlij~'11~'l.lL'Vll'lL~'e11J1~L'Vll'li.'VltJ. 2551.. '" '" 
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