
• • 

~lV'il~L~v~flru!ln~ru~LQ~l~"1Iil~VliHl~1YI LED• 
lfl~~n1~autJa'4'-1n1'HN'V!'Jn1~U'l\mJ~!J'-I~un~ru''-Ih~~11ltJ1'il"1lil~1.li (Matching Fund) 'l~EJ~~ m 

~ ." . 
b~~~11ltJ1'il~BmB~ 

.,. fI11lJLtJ'-I~J1 

h~~ fJ1tJ1 <l~B miJ~ ilm ~H'Vlilil~yj<lil!JL~<H~U.I VI<lil~liI~ Lf1 [)tJ1'-lil1fl1'l(l)W1LLil~1 Yln'-l'-l ~~d'J'-I• 
LVI f11U 1il ~~~1a11'11 ~~ il ~<1'Yh1-H'lJ11i1'l n1 'iU 'i~VI tJ~ Wl1~~1U'UB~1'i~WtJ1U1il'l~ilu'l~ilVlfii11"1i ~~ilf111lJ 
U'l~a~1'i~ \J~ LtI~ tJ'-IVI<l !llilyj<lBB L 'la L~U.I LLil~Vlil B~\1I~LntJu LUUVI'ilB~'lyj u. uutI'l:;VltJ~Vll1~~lU(LED) l-H'il 

" m1lJ'I1''-Ia11'tJLLil~iltl1~3V15i11WlJ1n~'-I 

h 1\Jlmh::a~Fi• 
~~~!JLL<l~~~~~ LliltJLu~ tJU\J1 nVl<l!llilyj~ ilB L 'la L~U .ILL'il~VI<l !llillil ~\n tJu 'Uil~L 1 ~w11lU1'ilLUUVI<l!l~ 

LED 

01. 	 f'!rul1n~ru::.yhlt1V1'ilB~lY1 LED ')1'-11'-1 .,b,bl."r VI<lB~ 
m.'" ~IiIVl1W~BlJ&iIil~~VI<l!llillyj LED Tube(",l!:>o cm) "1Iu1~hh1\u "'C:; 1\11.1 ')1'-11'-1 ",0,""1!:>"" VI<lBIii 

m.1!:> ~~Vl1W~BlJ&i~~~VI<l!l~lyj LED Tube (1:>o cm) "1I'-I1~1~L1\'-I Ii 1\11.1 ')1'-11'-1 4:,crtv", VI<l!l~ 
m.m ~~Vl1W~!llJ&i~~~VI'il!l~lyj LED Bulb Al:>o EI!:>"" "1I'-I1~1~L1\u oc 1111111 ')1'-11'-1 m""l:> VI<l1WI 

OC. I'lru!lm,lru::vmLVlflllfl, 
oc."'. VI<l!l~lY1yh LED Tube (",1!:>o cm) 'Uu11i11~LnU "'C:; 1il1.1 LLm~ilf1ruf1lJUm~~lnl1~n1V1uliI• 

OC."'.'" L~1iI LED ( LED CHIP) 

OC."''''.''' L~1iI LED iil!l~,Uu~~\1Ili'ru.yj~ill'lrumwa~ ''I1U Nichia , Cree, Philips Lumiled 

, OSRAM , Everlight VI~Bf')rumwLVitJULVh VI~!l~n'i1 

OC."'."'.I!:> L~~ LED il!l ltJ m'il';;~lul~uBtJn11 4:0,000 -B'1LlJ~ ctl1ltJtJ~l'I~fi1m1lJf111~!lci. 	 " 
l~U!l11n'il ~BtJil:: ""0 ll11tJilLBnaWlU'lB~~ilm'iVll1laBUm'lfl~filmllJf1'il~\1IllJlJ1I11~~lU IESNA LM-C:;o. ~ 

( Approved Method: measuring Lumen maintenance of light source) 1.I.'il::1l11ur\'lU,ru!l1~ 11I1 lJ 

lJ1m.ljl'-l IES TM-I!:>", (Projecting Long term Lumen maintenance of LED Light sources) 

oc."'.1v 'lfl1liJuVlilBl1Il yjyh ( LED Driver ) • 
OC.",I!:>", 'llliIiJUVI<l!l1il LED (LED Driver Board) ~~~~B~m11luVI<l!l~ LED 

«.",.I!:>.I!:> 'II~iJUVlilBIii LED ( LED Driver ) I'i'B~~~~~!l~mtJluVI'il!l1il LL'il::~tlmrua1lJ1 'ln 
VlUI.I.'l~l'i'un'l~'lfln ( Surge Protection ) lm~ii!ltJnl1 Iv KV ( L to N ) VlIilf1!lU\1IllJlJll1l'i.lj1U IEc/EN 

1:>",4:«"":lvooli W~BlJ 1.1. UU L!l na11e.J<l m'lVilila!lLi,nn -H'B~tl5u~m'lViIilf1BUnm~i11tJtiiln1'inl nU'!Iil~~.li ~ 
lli1~UlJ1I!1'l)llU lJ!ln. ",""ol!:>4:-I!:>4:ocC:; 

«."'.m Vlil!llil'lyj LED Tube 

«."'.m.'" VI<lBl1Ilyj LED 1in111~1'11'i'hnlJl~Lnu "'C:; 1\11.1 
oc."'.m.1v VlilB~lyj LED allJl'm'l!l~i'uLL'l~l'i'u'lyjY11~ I!:>mo 1,'il.l ± "'0% ( 1Ii1tJil~iln1 'l 

Vll1IaBUI.I.'l~l'i'u~ Ivo"" L1<l1ll "010 l1illll LL'il~ l!:>4:m 11'il.l 'In-H'B~tl5u1in11V1li1a!lU ) mllJ~ 4:0 L5'i\1l'll 

«.",mm Vlil!l~lyj LED ilfhyjl1n'llm'i<i!l~al1~(Luminous Flux) 1~ii!l[)nl1 1!:>,4:00 ilLlJU 
" 

~ 
(ultJa'll1V1~ Li'M'~[)~)• 

http:oc."'.m.1v
http:n1'inlnU'!Iil~~.li
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http:h~~11ltJ1'il"1lil~1.li


11l1ii1 (lm/w) 

«.Gl.m,cl:: "'''tlll1h1 LED.l1Filtlru"'Jlil~ (CCT) "',000 K ± cl::oo (Filtlru"'Jlil~ i1Fill'l11lJ, 	 ,~ 	 ~ 

l'Iinml'l~1JtlbutlhJll11lJ lJlm~lt1 ANSI C<nIGml'il'i)
4 

«Gl,m,'" ",,,tlIl11w LED l1l.JlJm:r,nmLM'lJtl~"'''tll1l (Beam An~le) 'WumJnl1 "'00 tl~1'11 

«,Gl,m,1'i """tlIl11Yl LED l1FilI'l11lJf;)n!lf1J~'IJ1J~~ ( CRI ) 'WUtleJnl1 Gm , R", > GlO• 
«,Gl,m,G """tlIl11Yl LED l1Fil~1\h~n1Jurh;i'~lYlYh ( Power Factor ) 1~utleJnl1 o."'cl:: 

«,"',01,'" """tlIl11Yl LED l1FilI'l11lJL~eJtlfl'1~lJtli1mf~"'lJll1'11tl~mnbi\ (Total Harmonic 

Current Distortion: THDi ) l~Ln1J ct% 

«,"',,",..,0 ",,,tlIl11w LED 11~1"'i1tlmU1J'Ili1111 G..,m 

«,'" m . ..,.., ",,,tllillYl LED i1miluutl-l n't!111Lbi1~~1J IP"'o 'W~tllJbb1JU Lil ni\l~~l1 m~YlIili\1JU, 
'iJlm1tl-lullu~m'lYlI1l"')Un"l"JI1eJ1~m~rhlu'Ilil"fjj ~l~fulJ1mjjl1J lJtln, Gll'iol£>cl::-l£>ct«G 

«,,,,,m,,,,'" ",i1illillvJ LED i1~1"'"illil~'1Il1~1J ( Milky ) LLi1~lJil"hjL~tlLillii LED JI1eJl1J v'h 

\Jlnli1i1l'6i1Ii11v~~I'I1{um1J1l1 (Polycarbonate ) 1~1.111wYhLml1l UL",«-Vo 'W~illJu.1JULilni11~~l1nl~ 

YlIili1ilU\Jlm11J-lullu~m~YllililtlUni11"JI1eJl!i1m~r'hr'i'u'lJil,fjj m!ilfUlJlmjjlt1 lJiln, ..,l'io"'ct-l£>ct«G 

«,,,,,m . ..,0'1 ...,i1tlI1l1vJ LED illlJ1~f;)'Vh"1t11~~ilru"'Jlilu.1I11iftllJ ( Ambient Temperature), . 
I I «# ClI. _ , 

tl~~~\ol11" 0 m 	«ct il"I'11L'llm'lltJiI mil 1l1n11 

«.""m,..,<t 1II11ill1l1Yl LED !Iftl"~l1Jm'l'i'U'l'iNlJ11l1 'l~11J1'l11lJ LoUl r'i'1.MiYll" LL~ L"'~n 1 vJvh 
~ 

( Electroma~netic Compatibility: EMC ) 'W~illJLLtlu1u'i'U~il' 

-IEc/EN ;'..,cl::<t<nl (Equipment for ~eneral li~htin~ purpose-EMC immunity 

requirements) 

-IEc/EN ;'Glooo-m-'" (Electroma~netic compatibility(EMC)-Part m-I£> 

Limits for harmonic current emissions) 

-IEc/EN "'..,ooo-m-m (Electroma~netic compatibility(EMC) - Part m-01 : 

Limit - Limitation of volta~e changes voltage fluctuations and flicker in public low voltage 

supply system for equipment with rated current ~ , ..,..,A per phase and not subject to 

conditional connection) 

-IEc/EN ctcto..,ct : "'00;' (Limits and methods of measurement of radio 

disturbance characteristics of electrical lighting and similar equipment) 

<t,,,,01..,cl:: ",i1 eJI1I1Yl LED ~11Jm'lYlIl1i1ilU\l11lJlJlll1'ljjl1J1'l11lJUi1il1ilJl~ i1i11J Biological 

Safety (lEC ;,"'<t<nlGl : Biological safety of lamps and lamp systems) U'l~LJlYln~lJl'l1'ilJL~IN (Risk 

Group) 'l~o1U 0 'W~illJLL1JUbilnill'l~l1m'lYiIili1tlU'iJln~tl~ullu~m~Yll1IileJunin~ JI1tJl~m'lnlnU'1Iil"'i'jj ~ 
l~'i'UlJll11~fjlt1 lJiln, ..,<nIol£>ct-"'ctO:G 

~ 

O:,..,m,,,,;', 1IIi1il11l1vJ LED ~il,l1FilI'l11lJ 1'Ii11Ii1LI'I~1JtI'1Iil~1'I11lJ~I1IL~tJtI'lJil~~ Chromaticiity 

Shift ( U'V') ) L~1J~l1Jnl'i'YIl1IililU LM-<nI",-oG oU€J '" , ..,.., LLi1~ ..,1£> ll11tJ~1t1n1~YlI1Ii1iluhju€JeJnl1 
"',000 ~11lJ' l~Ln1J o,oo<nl 'W~illJbb1JUL€Jnill'l~"n1~YlIl1i\ilU m~'i'UlJlli1~jjl1J lJ€Jn, ..,l'iol£>ct-l£>ctO:G 



<>::.(i)m.(i)'" VllOilVll'11 LED illil~cJllJn1~~\J~il~ lJlm.lillJll1l'lJfI11lJtllOill11Ji'V IEc/EN ,;)1!J"Mb 

Vl1mVivULVil VI~il~n1l 'W~illJu.lJulu~mil~ 

<>::.(i).m.(i)~ VllOilVl1'11 LED ~il~cJllJnl'i~U~<J~lJll11~fjllJillllJfI11lJtllOilVlJi'v IEc/EN boer",~-
~ 

(i) : i!:>oo~ (Luminaires - Part (i) : General requirements and tests ) VI~mVifJULVil VI~<l~n11 'W~m.J 

u.lJulU~U'l<J~ 

<>::.(i).m.(i)'" VlfI<lVll'11 LED ~<J~LiJlJ1t1\l11lJii<JfhVl'lJVl'il<J~REACH Declaration(Environment) 

VI~<l RoHS (Restriction of Hazardous Substances) Vl1mVivuLvil 'W~<JlJ~fI'VIVl<l<JU 

<>:: (i).mi!:>o VI a<J 1111'11 LED cJllJ~U'i<J~lJll1l~~llJ~iil11Ji'ru.n<JIIl"lV1m~lJ u1Ji'ru't\(i<J~<l1l~LLIO~
~ . 

u1Ji'ru.nVifl<llfJnlJ ~Vl,hnVla'Y 'Illru~un1lJ1'V1 ~ 1.J<Jn. (i)",er<l:'!l!:>erer(i) 

<>::.(i).",I!J(i) VlIO<JVl1'11 LED ~<J~h\,1'm<J~lJl\ll1\i1lJ Qfl1ntJ~:iVlI1'Vl1'11bU<l1 er 'Wf<J1.J Lnruo/i 
~ 

t1'l::1i'VI6Jl1'W hMln11'i::li1u i!:> Vl11 ~lnn1'llyJYh~lfJ~~mb""~t1'l::b'VI1'11'V1fJ 0 

<>::.(i).m.i!:>i!:> 1-110 <Ji111 yJ LED ~<l~cJllJm'i'VIi11<1<lU'VI1~ LL"~ LLIO~'VI1~1 yJyhlllllJlJl\ll1fjllJ IESNA 
~ 

LM-<JI,,:-o~ : Approved Method for the Electrical and Photometric Measurements of Solid State 

Light Product 'W~<l1.JLLlJULiln<ll'i~lOm~'VIVla<lU~ln,"<l~t1fiiMm'l'VIVlii'l<lUnfll~ Jl1fJtillm'l r'i1 nU'iI<l~~.li ~ 
l Jl1'UlJlmlillJ 1.J<ln. (i)<JIoi!:>er-i!:>er<>::~

~ 

":.i!:> VlfI<li111yJyh LED Tube ( ';)0 em) 'iltl1i11hjLillJ ,,: l\l1r; bLIO::jjAru<l1.Ju1il~~ln11~rllV1lJVl 1i1~il'• 

":.i!:>.(i) b~i11 LED ( LED CHIP) 


<>::.h(i).(i). L~Vl LED ill8~Li'JlJ~iii11Ji'ruo/l~iJAruJ11'Wii'I~ L'lllJ Nichia , Cree , Philips Lumiled
• v 

, OSRAM , Everlight VI~<li'!ruJl1'W LVifJUL'Vi1 VI~<l~n11 

<>::.i!:>.(i).i!:> L~i11 LED iJil1~n1~1ii~llJ~U<Jvn11 ero,ooo .a-,11.J~ ([Vlvl1'~A~fi1m1lJ<l11~<l~ 
1~U<lfJn11~<lfJfI:: "'0 1I11tJjjL<lnii'll'l~m<J~~ fln1'l'VIV1<1<lU m'lA~fi1m1lJ<l11~1I111.J1.J1111 'i1l1lJ IESNA LM-c:io 

~ 

( Approved Method: measuring Lumen maintenance of light source) LLIO~t111t1i'h1J1ru<l1~1I111.J 

1.J111l'ijillJ IES TM-i!:>(i) (Projecting Long term Lumen maintenance of LED Light sources ) 

<>::.i!:>.i!:>. 'ili11-i'um,<lV11'11V11 ( LED Driver)• 
":.i!:J.1!:>.(i) '1I111-i'uvllOili11 LED (LED Driver Board) &i111~~atimEJ1lJVlaal11 LED• v 

<>::.i!:>.i!:>.1!:>. 'I1111-i'U1;1lOill11 LED ( LED Driver ) illa~&iVl.r~<l~Jl1vllJVla<J111 LLIO:i'ltlmru<lllJl'i(1 

'VIlJu.'i~li1lJm::'1I1n ( Surge Protection ) 1Jl1~U<lVn11i!:> KV ( L to N ) 'VIV1a<JU~11.J1.Jl\1l1ji1lJ IEc/EN 

b(i)er<>::<JI:1!:>oo,,: 'W ~<JlJ bb lJU L<Jn<ll'lc.JfI m~Vli11a<JUill n,"<l~t1fiu~ m'lVlVl<l<lU nal~ Jl1 fJ 1~nl'irll nU'il8~ 1'.li ~ 
lJl1'U1.Jlli1'l~llJ lJiln. (i)<JIoi!:>er-i!Jer<>::~

~ 

<>::.i!:>m. VlI081111yJ LED Tube 

<>::.i!:>",,,,. 1;11O<l1111'11 LED 1iirll.r~h.JYh~llJ1~LnlJ ,,: 111lr; 

<>::.i!:>.m.i!:>. VlIO<l1111'11 LED <l1lJ1'i(1~8~~ULL'l~li1lJ1Ylyh~ i!:>",o 111Or; ± "'0% ( ll11viJ~IOn1'i 
'VII11<1<lULL'i~li1lJ~ i!:>0.. 1'1Or; i!:>mo 'hflr; LLa:: i!:>er", l'f1r; ~lm18~t1fiu&im'lVlI11<1<lU ) mllJ~ ero L!i'lill'll 

<>::.i!:>"'.m. VlIO<lV11Yl LED iJfilYl.rn'lln1'l~<l~<ll1~(Luminous Flux)1~umJnl1 (i),i!:>oo <1LlJlJ 
v 

<>::.i!:J.m.<>::. VlfI<lV11yJ LED iJfilt1'l~1\Vl5Jl1'Wnl''i~<l~ii'll1~ ( Efficacy )1~u<lvnl1 "'<>::0 '.1L1.JlJ 

~8illl~(lm/w) 

~ 
(1.I1tJ~'l1\'VIB Lii'llJ1L~V~) 

http:nU'iI<l~~.li


":.®.mA::. 'VI<lillillYl LED iit'ililtlJ'VII1ili1 (CCT) 10,000 K ± <foo (fililtlJ'VII1iji1 iifilfnllJ 
, '\J , 'U 

fl<l11il~fl~il"lJ~\hJhJI1l1lJ lJll1l~~l"lJ ANSI C"'C:;.mir/ir/)
~ 

« .®.m.b. 'VI<lillillYl LED ii~lJmt'J1tJu.M'lJilWI<lillil (Beam Angle) hi1liltJnl1 ®oo il~1'11 

«.®.m.ir/. 'VI<1illilhl LED iifilfnllJ~n~il~'lJil~i1 ( CRI ) hi1lmJnl1 C:;m , R", > ",0 

":.®m.C:;. l-l<1illilh1 LED iifill1i'1\J1~nil1Jrilr1~1vIYh ( Power Factor) hi1liltJnl1 o."'<f 

":.®.m."'. 'VI<1illilhl LED iit'ilI'111lJ~~tJw111lJililn~~'VIlJlil'IJil~m~~~lI (Total Harmonic 

Current Distortion: THDi ) hidi"lJ <f% 

oc.hm.",o. 'VI<1illillYl LED ii~''V1<lillil~\h.J'lJiJlil G",m 

":.i!J.m."'", 'VI<lillillYl LED ii ~~~1Jtlil~n"lJJ,u.m:iJ"lJ IPOlo 'I'l~illJu."lJ1J~ilm'l1~t.mnW'"Iil<lil1J• 
'J1n~il~u5,j'~nW'"lilllil1Jn<11~mtJl~n1~fl1f)1J'lJil~~5j vtL!iI~1J1J111l~5j1"lJ lJiln. ",ir/o®<f-®<focC:; 

oc.®.m.",h VI<lillill'tl LED iilli'l'V1<lillil~hJ11~U ( Milky) ~~'t~mnlliLiiuL~1il LED mtJ1u 'V11 

'illn1l1"j'IJiJIil1'Wiim11JilL"lJ11l (Polycarbonate ) lli1111YlvhLnllil UL",((-Vo "v1~illJLL\JULilnll15e.J<1n15 

VlIil"il1J"'n~il~u5,j'ilim5V1Iil<lilUmmmtJ1!i1n1~ri'nU'IJil~~5j vtL~~UlJlmJll'lJ lJiln. ",ir/o®<f-®<f((C:; 

<£i!:>.m",m. VI<1ill'llYl LED lIllJ15~'V11~1'lJl~~'ltlJVllJilLL'lIil.1illJ (Ambient Temperature) 

il~~t'VI11~ 0 5~ ..:ct NI'11L'lJm~tJ" 'VI~il~nll 

<£.i!J ..,.",oc. VI<lillillYl LED !ilil~ ~,'lJ n15~1J~8~mm\il"lJfnllJL-ihn"lJl!i1'1mL~liL'VI~n1Ylih 
~ 

( Electromagnetic Compatibility: EMC ) "v1~illJLL'lJ1J1U~U5il~ 

-lEe/EN b",<f<£ir/ ( Equipment for general lighting purpose - EMC immunity 

requirements) 

-IEC/ EN b",ooo-m-® (Electromagnetic compatibility (EMe) - Part m-® : Limits for 

harmonic current emissions) 

-lEe/EN \)",ooo-m-m (Electromagnetic compatibility (EMe) - Part m-m : Limit ­

Limitation of voltage changes voltage fluctuations and flicker in public low voltage supply 

system for equipment with rated current,; ",loA per phase and not subject to conditional 

connection) 

-lEe/EN ct<fo",<f : ®oo\) (Limits and methods of measurement of radio 

disturbance characteristics of electrical lighting and similar equipment) 

<£.®.m.",<f. 'VI<lillil10.1 LED ~''lJn15V1lilllil1J11l11J1J111l55jlU fnlIJU<1ill'lJ1 tJ !iI,'lJ Biological 

Safety (lEC \)®":"'", : Biological safety of lamps and lamp systems) ll5~LI1V1n~lJfl'lllJL~!J~ (Risk 

Group) ~~IIi'1J ° 'W~illJ~~"lJULilnll15t.J<lm5V1l'1l1il1J'J1n~8~uB~m5V1lilll81Jnm~ mtJl~m~riln1J'IIil~~5J ~ 
l!i1~1Jml1l'j\il\J lJiln. ",ir/o!!:)ct-®ctocC:;

~ 

v .... , d _"if .... 
a 

• 1«.i!J.m."'b.VI<lillill " LED 111 il~lJfllI'l11lJfl<11IilLfl<lil\J'lJil~fl11lJt-J1il L'W tJ'lJ'lJil~lI (Chromaticiity 

Shift ( U'V') ) L~8~1'lJm5V1Iil"il1J LM-oJ",-oC:; oU8 '" , "'''' ~L<1:: "'® lliltJ~''lJn1'jVlIil''81Jlli1liltJn1' 
"',000 i'lllJ~ lliLn'lJ o.oofl'li Yi~8lJLL'lJU~ilnlll'jt-J<1m'jVllilll81J vtL!iI~UlJlm\il'lJ lJiln. ",ir/olv<f-Iv<f«C:; 

.. ~ 

<£hm."'ir/. VI<l8IillYl LED li\il~~''lJm~~m8~lJ,m\il'lJ~h'lJfn'lJU<lillilJ1tJ lEe/EN \)lvfl'lifl'lib
~ 



bo<f",,,-,,, : "00" (Luminaires - Part '" : General requirements and tests ) l-l5m~tJUb'Vhl-l~B ~nll 

'I1~B)JbbtlU1U1tJ'lB~ 

<t.h01."''''. l-l<18i11h-J LED !i(8~bUtlhJ\1Il)J-iiBnll-ltli1l'U8~ REACH Declaration 

(Environment )l-l~B RoHS (Restriction of Hazardous Substances) l-l~m~tJub'Vh 'I1~mJrJ<1'V101<lB1J 

ct. h01."O. l-l<1Bi1IhJ LED ~ltl1U~8~lJlliI~~ltlrJi1l'1i\'ru"'BI'1<lll-l m~)J u1i\'ru"'?iB~<lll~bb<1~ 
~ , 

"'" <V <fd ~ <V 0<::1 0 <V <V "'" 

tJ'lnru'l'1'V1 Ai1l tJ ntl 'V 01 'in ni1l<l (jJ (jJl ru ~Unl1..l1'V1 ~ )JB n. "''''<f<f!i9<f<f", 

<th01.""'. l-li18i111vJ LED !i(8~li111tJ'lB~lJll'I~~ltl Qi1lmJ~~mJi1IlvJbu8{ <f 'I1~m.nnru'" 
~ 

tJ~~i1'V1ilm'l1 hj~lnll~~~u ., i1Ill 'innm~lvJvh~ltJrJi1li1bb'vi~tJ~~b'VIl'll'V1tJ 
<t..,.01..,hl-li1B011vJ LED !i(B~ ~ltl m~'VIi1I<l8U'VIl ~ bb<l~ bbi1~'VIl~1vJVhl'll)JlJlIil1~ltl IESNA 

a 

LM-",,,,-o,, : Approved Method for the Electrical and Photometric bl\easurements of Solid State 

Light Product 'I1~mJbbtlU b8n?ll1rJi1m1'V1 OI<lBmn n1\B~tJ 5u"im1'V1i11<lBU ni1l~m tJ1!i(nl1nl nU'UB~131 ~ 
lMulJlm31ltl )JBn. "''''o.,<f-''<f<t" 

<t.01. l-li1Bi1IlvJV1l LED Bulb Abo E.,,,, 'U1..Il0lllJbntl <t 11'1~ bbi1~~Aru<l)Ju"illJ~lnll~nll-ltli1l ~~il, 
<t.01."'. b~i1I LED ( LED CHIP) 

<t.01."'."'. b~i1I LED !iiB~dJW:,ji1Ii1i\'ru"'~~f1ruri'l1<l~ b'l1t1 Nichia , Cree, Philips Lumiled , " 
, OSRAM , Everlight l-l~Bflrum'l1b~tJUb'Vh l-l~8~nll 

<t.01."'.h b~OI LED ~BltJnl11-ii~ltlllJvBtJnll <fo,ooo -&,1)J~ (li1ltJcJ~A~filf1ll)J<lll~B~, " 
llJVB tJ nll~8 tJi1~ "'0 1i11tJ~ bB n?m1U1B~rJi1 m1'V1i11<lBum1mfilf1ll)J<lll~liIl)J)JlIil1~ltl IESNA LM-"o 

~ 

(Approved Method: measuring Lumen maintenance of light source) bbi1~'lllltJfiltilruBl~l'Il)J 

lJllil131ltl IES TM-.,,,, (Projecting Long term Lumen maintenance of LED Light sources) 

<t.01." 	 'Ili1loVUl-l<1Bi1Ih1Vh ( LED Driver) 

<t.01.","', '(fi1loVUl-li1Bi1I LED (LED Driver Board) i11i1I~~B~mtJ1t1l-li1Bi1I LED , 	 " 
<t.01.01. 	 l-li1Bi1IlvJ LED Bulb 

<t.01.01."'. l-li1Bi1IlvJ LED 1-iinlg1'~lvJV1m)JllJbntl <t lli1~ 

<t.01.01.i£J. l-li1Bi1IlvJ LED <ll)Jl1mB~1ubm#(tllvJV1l~ ",o0 -"<to bi1~ f1ll)J~ <fo b~11'1'll 
<t.01.01.01. l-li1Bi1IlvJ LED ~filvJg1'n'llm1?iB~<lll~ (Luminous Flux) llJvBtJnll <foo m)JtI

" 
<t.01.01.<t. l-li18i111vJ LED ~filtJ~~11'V1ilm'l1m1?iB~<lll~ ( Efficacy )llJvBtJnll "'''0 ~b)JtI 

';Blli1~(lm/w) 

<t.01.01.<f. l-li1Bi1IlvJ LED jjfilBrul-lniJ~ (CCT) b,<fooK ±<foo (fil8rul-lniJ~ ~filf1ll)J
~ , 'U 	 q "J 

Ai1lOlbA~BtlbUtlltJliIl)J lJlliI~~ltl ANSI C",,,.01"'''')
~ 

<t.01.01.b. l-li1Bi1IlvJ LED ~lj)Jm~'illtJbbM'Uml-li1Bi1I(Beam Angle) llJvBtJnll "'''<f B~l'Il 

<t.01.,"."'. l-li1BOIlvJ LED jjfilAll)Jf1n!iiB~'IIB~~ ( CRI ) llJv8tJnll "0 , R", > "'0" . 

<t.01.01.". l-li1BIi11vJ LED ~fillilltJ1~n8unlg1'~lvJV1l ( Power Factor) llJuBtJnll 0."0 

ct. 01. 01. "'. l-li181i11 vJ LED ~filAll)Jb~tJtI()l{)JB\Jn~~l-l)J Ii1'UB~m~ bb<l(Total Harmonic 

Current Distortion: THDi ) llJbntl i£Jo% 

http:C",,,.01
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oc.mm ..,o. 1II<l1J\1I1o,1 LED i:i.ff,111<11J\1ILtJ'U'Ii{i1'l El"ei 

oc.m.m ..,.,. 1II<l1Jl'lhJ LED <'IllJl~(1v'h~I'Ult1i'~1J(1JV1ililLL1l'1fi1Jl.J(Ambient Temperature), . 
1J~~~VI'il~ 0 1I~ oc<t 'NI'11L'l1<1L~~<'I 1II1€J~fril• 

oc.m.m."'I". 1II,,€J1'IhJ LED til1J~~''Un1~~m€J~lJ,m\j''UI'l1'lJL'jh)'Ult1i''VI1~LLl-iL1II~nlvJvh 
~ 

( Electromagnetic Compatibility: EMC ) ~~€JlJLL'U1Jl1J~1.mN 

-IECIEN o",<tocl11i ( Equipment for general lighting purpose - EMC 

immunity requirements) 

-IECIEN 0"'000-01-1" (Electromagnetic compatibility (EMC) - Part rn-I" : 

Limits for harmonic current emissions) 

-IECIEN OGlOOO-01-01 ( Electromagnetic compatibility (EMe) - Part rn-rn : 

Limit - Limitation of voltage changes voltage fluctuations and llicker in public low voltage 

supply system for equipment with rated current ~ GloA per phase and not subject to 

conditional connection) 

-IECIEN <t<to",<t : 1,,000 (Limits and methods of measurement of radio 

disturbance characteristics of electrical lighting and similar equipment) 

OC.rn.rn."'rn. 1II<I€J1'IhJ LED ~1'U~m€J~lJ1\11~\jl'U~~IlIJ1ru'li€JIiI<'I1111 m~lJ 1J~J1ru'li~1J~Wh~ LL,,~ 
~ , 

... ..., II'"d ~ v .q 0 ..., v "'" 

milru 'I1'V1f1 <11 tJ n'W 'Ii 1'1\)1 n1'1<'1 (U. . (1J1ru ~1Jn'l'W1'V1 ~ , lJ1J n. ",,,,<t<tiiel<t<t,,, 

OC.01.rn."'OC. 1II,,1J1'IhJ LED tiI€J~~I'Wn1~'VII1I<'I1J1J'VI1~LL<'I~ LL<I ~'VI1~1vJ-ih IlI1lJlJ1m\il'W IESNA 
~ 

LM-..I"'-oe;; : Approved Method for the Electrical and Photometric Measurements of Solid State 

Lig ht Prod u ct ~11J lJ LL 'U1JL1J n<'11 ~ ~"n11'V1 \11 <'I1J1J \l1 n~1J~tJ jj1.J~ n1 ~'VI \1I<'I1J1J n<11~ ill tJlti1f11~ fh)1J'li1J~~Jl ~ 
lt1i'~1JlJ1Ii1~\il'W lJ1Jn. ",m/oiel<t-iel<toce;;

~ 

<to L~€J'Ul'ULilvn~ 
<t.Gl e1'L<'I'W€J~II'11\l~!il1J~iJ11.J1J'W(ulIl1LL'lJ'lJ l.J1J.OC i1I1lJ l.J1Jn.Gl",<t<t-iel<t<tGl 'I-I,,1J1'I LED lV1tJ~::'lJ 

'IJ ~ " , 

LL ~~~'W1vJY11 LL<I~ tll<i'~1vJY11 11I1lJ-ii1JlJ<I'111 L<'I'W1J'VI1~L'VI1'I{i1'l lV1tJ!il1J~ LI,'U'lJ L1Jn<'l11l.Jl1'W1'W~u-ii1JL<'I'W 1J• 
<to iel ~ ~ \11J1ru"'~ L<'I'U1J til1J~ilm~LL<'I VI~~1Je1'.~~\1I'I-I1<lh~~I'Ue1'.~~1iI LL"~ LI'I~ <l~'I-Il.JW n11 Al~ \l \11 'VI n U tJ'U 

. 

1~Li1'W1J ~Wa'VI L\)'W LI,,,:: 011 ~ ~1<ll.JVI'W~~1Jilli 'l!LL<'IVI~ f111\)1'I'VI ~LUtJ'WL1'1 ~<l ~'I-IlJl !J n1 ~AI LI'I~<l ~'I-IlJ1 tJ1J~ f11 ~ 
\l1nil,rml'l~<l~1IIlJ1!Jm~Al ml.J'VI~~Eli1'U'VI1~il'l!'l!1 

<t.rn ~~\1IJ1ru"'~L<'I'W1Jtil1J~il~'lJl1J~l.Jl\11~Jll'W ROHS Ll,1l~ CE 1I;wtil€J~LL'W1.JL<ln<'lI~lJ11'W1'W~'W-iim<'l'W<l 
<t.OC'l-lB1JVI LED Te;; '!J'\J11'11l.i~,ni, ",e;; l\11I11LLB~ '" 1111111 jj1Jl~fml.u~I'W'Ii€J~ LED Chip ll.iU',ltJ 

ni, <to,ooo il1lJ~'I-I1<l~'lJ1.h~n'W~~\1IJ1ru'fl1l.iU'.1JtJn-1i <t U 
<t.<t '1-11l<l\1l LED BULB .ff-lLL1J1J E.,oJ 'U'U11111l.i~,nl, oc 1111111 i:i<lI~f11~1i~I'W'Ii€J~ LED Chip 1l.iU'1J~ 

ni, rnb,ooo i,1lJ~ 'I-I~<l~1JtJ1~n'U~filllJ1ru'l11l.iti1JtJnil '" u 
<t.b n1ru1lllHll1l LED L~~LL,,~!iI<l~~~LI'IBlJH1.umnll.iLf\'W rn 1" 11'1!JLD€J~!iI'Wl~'VI1~e1''liI!Jil~€J~• 
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• • 

• • 

. 

~."" 'il~Ili'!l~~.Wl~'\-1i1!l\1l LED LL'VItI'\-1i1!l\1lLliilJLLm~Ili'!l~(l!l\1l'\-1i1!l\1l L~lJ LLi1~ ballast LLi1:: Starter LLi1~ 

~t1mru~L~tJ1.o!l~vhlJ1-if~1t1!l!lnLLmmmimf1tJl Vitif.oell'iel 11~el Wire nut 1\11tJ Lnul.1L~tJu~mJlll1lJ'Wlt1~~ 
h~'YW1Uli1nl11t1\11 

~.~ ~LiltI!l11rn~m~uii\1l'lJelumru~vh~'11i1!l\1l1yJyh '(l'IlJ 1 yJLLi1::i;11tJ1yJ ~vhm~Lu~ tJ1..IL~tJ111 tJ 
~. <;'i eJii\1lJ1ru'l1~Li;1t1el.r!l~eJii\l1'Jlnh~~ltl~mU!lljf!!liJ1t1o;::n!lu1h)m1h~~1t1 ( 1.~.C;:: '\-1~!l ntl!l . ) 

<ll(i{U~ ""i£> 11~!l ""c;:: ("') liJ1(ltlo;::MA,)1Vnn t11::n!lU LL!li18~'BtI'v1~!llJH'~1t111~!l nW,11'\-1i1!l\111yJ.yhLi1::i1I1~• 
1l'llJlyJ~1 

~."'o eJii\l1J1ru'l1~ Li;1t1 el'J::Ili'!l~ eJii \I1iJ Inh~~1t1~lMum.,-rm!l~lJ1\11"21tlh:mtllt1 ISO <;'ioo", ­
"i .". .::j .... .J 

i£>o",~, ISO ",C;::oo",-i£>o",ct LLi1::lJll>1~21t1b"~~1t1~\1Ii;1111n'l"lJi;1b'IW1 (Green Industry ) .,::\1IUYI '" 

( Green System) 'inn<hl1n~1t1lJl\11"21t1~1ili;1111n""lJ 11~!l111.11tJ~1t1~m::YI>1~~1ili;1111m"lJ l.1n1,,~u"!l~ 
ct.",,,, ~Li;1t1!l"lrnlli'!l~LLtlU"ltJ~lt1eJi1m~YI\1Ii;1!lU LIlYilnLUU (TYPE) Test Reports) 'II!l~ml!l\1l1yJyh 

LED "l1nl')ruillJ~L\JtilUlilllJ.o!l ~c;:: LLmAi!l ct.ct iJln.1!l~t1iiu~n1~ni11~~m'li1\'!l~Uiiu\lin1~'II!l~~eJii\l1 
~.",Iv ~Li;1t1!l11~nlli'tJ~ii~t15u\li~1t1~\1I~n::uu1yJ~l ,)11..11t1 Iv I'Iti Yi~tJlJn1111~~tJ1JtltJ!llJLLi1::~!l~ 

LL tlUlu~mtJ~UI'lI'l i1 LLi1:: 1'I11lJ ~1'I11lJi;11lJ1 ~ (1'11!l~ e:iu nu&i~ lt1 
~ ~ 	 ~ ~ 

~.",," ~LiltI!l111'11~tJ~~\1ItJU1lJn1~Hnu n1 ~Ul1~~n~l L'il!l~.rtl 'II!l~~~UULLiI~i;111~ ~~~::uul.1nu 

L'ih11ih~~\11 LLi1Ul1~~n~1~~UU1yJYh'll!l~'( ~~'v1tJ1Uli1 L~!l1.1i;11lJ1~m.011iJ~~UU1 LLi1 ::\1I LLi1UT,~~mm~uu" ~ 	 " ,
L'il!l~lli'tl1~ 

~."'C;:: 1 ~~ 'v1 tJ lU li1 'II tJ i;1~1t1 iiYl Bttl m , hiwiJl~ rulrll'\-1~Ucl'~tI Li;1t1!l~ lt1 1t1 n 1 ru~ ~tlL!l ni;111hi• 
muti'11..1LLi1~1lJVil\11111~ i;1'1t1 - Lt1~ tJu LVitJULLi1::VilLI'I~!l~'\-1lJ1 tJ\I1~~.otJI'I11lJ~LLi;1\11~f'!rui;1lJU~ dJtllulilllJ 
• 0 

'IIeln111t1\11 

b. 	LLumtl11tJn11 11~!ll'lru.rf)'I:Iru::LIl'Yn:: 

Iil1lJ~tlmif~1t1iJ~~LLi1::~\1I~~'\-1i1!l\1l1vHhlil1lJ11'l.,~m.,,,l1u"tltln11i1~'VIt1n11U~U Lu~ tJtI!lU n 1ru1t1 

"". m1Lilmilm:Stl 

h~'VW1Uli1~!lmil\1l iJ~~lm:Sufi1w"~'(\1ImLLi~!l!lmu1..l '" ~1\11iK~if 
01i .'" 'iilm~U~I\11~ '" ,)lUIU C;::o % 'II!l~lJi1l'il~lt1 '\-1.r~iJlmh)i;1\11L-iil1-1Vl~1t1hiv'JfJf)11 C:;o 0/0 

'''' do 	 I ..... .,.:::VQ ,
01i.i£> 'illl'1L~U~I\11'V1 Iv 'illU1U ~o % 'II!l~lJi11'11~1t1 1-1i1~iJlf)III\11Iil~LLi11Lm'J ",o0 % LLi1::MlJ!lU• 
<ri.," 'iil mlu~I\11~ '" ,)1t11U ",0 % 'II!l~lJi1l'il~lt1 1-1.r~\)lmLm'll-iitJUf)Yi-jtJ~LL.1lL"h ",o0 0/0• 

1-1lJll'1L1-11iJ n1 1'ii 1 tJ Llu LL~i1 ::~1 \11 '( ~ ~'v1tJ1Ul i1 'il ~ 'ii 11'1L~tI L~ !lhHu'(!lUL:JU 'Jl nf)'llJw~ulYi.r~~lU 
YI\1ILLYltlLLi1::!lU~mIYi.r~~lt1 (YiYi) LL.11

• 

•• • 

/

(tlltJ~Ui1 ~tlW1..Ii1) 




• • 

• • • 

• • • 

• • • 

d 1 0 ~ 
~, Uil1.J '1Irn~1iI1LtltI~lt1 

n 1 ~ ~, L Uti m~'1IB~~'1I1V\)~ IiIB~'ll5~!1i'~;f 
~,<;) ~'1I1V'J ~IllB~'ll5U~i1IllJ-iiBnT\lltlliI~'1'll,h\lI~1.Jn ,~~, Liltl~It1vi'lt11'111lJ'lli1B iii JlVLLi1 ~'J ~ iiiV~ 

'll 51.J~i1IllJ~~ L U V1.JLLi1~-iivnT\.,tllilvi'It11'111lJ'lli1VIiIJlfJ~'\Inj1fJ~lt1nl",tIIiImh~ Lrri~ I'I~IiIltI ~~Wll ~~1 L iltl n 1 ~ 
~,i!l li1IiIffilJ L-d'u.l111tlli1t1~LUtl'1lV~cl''lJlV\)~IllV~UlVVfMI m'lJ \II V11'11 'l'lJV ~mhfJ~ lt1 LLi1~~' tI~LUti , " 

'lJV~",thV~It1'J:: IiIv~ul1'llf)V~Hmh~LUm:::LUfJ1.JLLi1 :::'lli1 VIiIJlfJ ru 'J liI~mh fJ~lt1nl",tI iii, 
~,m 1 tlm~~' Lutlrn~\IIllJ;;\qJq!1;fm mnlil1'l11lJLilvm vLLr1Y1 ~YlJi:ltI'1Iv~",th fJ ~1t1LiI fJ"" v ~'1I1 v 

\):::IllV~~1.Jtllil'lJV1.J'!iVlJLL'illJ1'I1VfJLtIMIWI L~IJ ",~vMnl1 Llil vril1'Il~1 fJ'1Imcl''lJl fJ L,n~~ ~tI 
~ , ..: ~'1I1 fJ'J:::1llV~'llD~~\II11J'll~::: f111'l n 'j:::VI 'j1 ~ LL ~~ ~1t1 LLi1::: <11<1 Mf)1 'j;;\~ I'IlJ L~8 ~1'I11lJ'll i18 iiiJlv1tI n 1'j 

o , tI .001 .... 

m~It1f)8i1~I~ LL<t::: LI'I 'j 8~'J n ~f)<t 

~,<J: ~'1I1CJ'i1::1i18~LL~~'jlfJ~8~~L-iilIJ1'llD1.J~~lWll fJ1tlV1I'11~'1I8~",,j1 fJ~It11tlLLIiii16t1Y1~illJ11.Ji1~~8 
LLi1~<!1LtllU\ll'i'll ~:::'lJl'lJtI 

~,b ~'1I1V'il:::'1It1'11iJ~LLi1:::1<1I'l~tJmrumifttlrn~~, L ilmlt11vi'1 tI'Ih~tl8m1inHlHm LLil:::'lh~Llin~tI 
~ijm ~\II n<t ~ntlHr1 iJtI~'~"'UI n1.J",tJ1 fJ~lt1Lvil,xtl L ~ 811JL,xLn iii ~i1 m:::Yl1.J Iii 8 rn ~'llll U~ ~ ltl'1l in Lhl"UI ~'11 iJ~ 
",Ul V~It1 ~'1Il V'J t ~m iJlI'111lJ~I'1l11tI m ~'1Itll<11'l ~'ll m ru L uwm"'"l'lJ 8~ nWlJ81ii 8 81 ~;;\qJqJlmvi' 

~,..v cl''1Il V<lIIJ'~(1~' L iltlf11 ~1vi'Vi nlt1 (v mlt1"'U1V~It1ii'~1,xmwmtl) llil vrn~Vh~It1IllV~1limtYl1.J 

\fi 8 rn ~1 'Il~tI ~'1I8~".,U1 V~ 1 tI LL <t:::~ lt1 ~V, \) ri 811.1 Ln iii L~ V~ I'i~1tI~::: I'i1.J~ Llltl nl1lJ1 \II ~ fjlt1 nl",tli1I'il:::!i'iv~ 
~ 

~1Lijtlrn~tliJ m1i11'jl'lJrn~ 

~,~ ~'1I1V'J:::!i'iV~'1IiJV'4qJl\11Hli1I'lVJn'lJillil~'J:::UllJ11ifttllm~rn~;f u.il:::~tI'lJvmh~uvfJ <J: lt1vh 

f11~riVtI~'il:::UllJl1ifttI~ lt1 101 tJ III8~~t1.J~1 tJi1::: L~ fJi1Il'IruillJ1.J~'lJ8~1<l1iI1,x-d'IiIL'ltl~llJ~~~~lIi'lmh~LLi1:::/""~8. , , 
..,J.cl ~ d 61 ... 1.1 

L8 n<ll ~VI Ln Vl'118~ LYl8 u~::: f) V1.J f11 ~YI'lI'j ru 1 lin v 
~,« f)1 ~ VI iii <l81.J 1'1 ru <llJ u&i"., ~ 8 ~ 1 tI \II1lJ -iiV n lWtJ iii i1I iI Vi1I'il tI ~ 1 tI'YI iii <I V1.J1tliltlllJcl''lJl V 'il:::!i'i8~ , " 

~, Iil tI rn ~ LV~Jl1vt!i'i n 1 ~1'I11.Jl'IlJ~1 tI'1IV~""UlV~1t1".,~iJ~lilli~1'llvh f)1~'YIIiI<l81.Jn1.J""Ul V~It1~I'lJrn'j~u1L~81'i8, 
ril1-d'~1fJ~ In l1l~tI~~""1J1iIL Uti '1IiJ~~'1IlVLV~~~~tI 

~,<;)O cl'• '111 V'l~1lliJ ~Alt11 ru""''ll~lJ'(I.J~IULLiI~'J~!i'iV~~1.Jijlil'lJiJ1.J1UI'l11lJijlil~<tlli1'118~'ll~lJ1ru~It1~ 
Li1t18mnil';;8i1~;;\fJ1tl'll~lJl(I.J~lt1cl''lJ1V'il~!i'i8~1'll\II'jl'Ji181.J L8~ (I.J i1mU~~ILilu(1)LL<t~\I:::t11lJ1LUtI-iim)l~1tI• 
f)1~'lJmunril1'Il~' v'ill n".,Ul fJ~It15f)llJ1vi' L lULLIiif)~ru~ilf)1'j LLm'lJ~1t1""1iJL'll~VULL'lliI~~lV<t::: L5 VIiIltiLL1.JU 

Jl1 vm1'~'il1 f)1tI f) 1'j Li1t1 mll'11 "1 'I-lU1V~lU<I~1t1i:1'Y1g~\):::~'il1'l (I.J'~'fJt 'I1'1-l~mrf)fitl 'J 1 n~'lnv 
~,<;)<;) c1''1I1V'J:::!i'iiJ~~IiI!lf)iJ1.J'jlJrn'jt-ii~IULL<t~ul'~~f1I!m~1.JuhjYhLLi1~i111~8~'~U8fJ <;) ~tI. , . 

«, f)1'j"~IJV1.J~lt1 
«,<;) ".,.r~~It1~IiI~~iJ'llm,,,ru~~""lJliI c1''1I1V \It!i'iiJ~8U"j1J n 1 ~1'Ilu<t nJ1 ~ , ~~n", mJ m, ru~1vi'~ I1l ~~1mj 

11.1n1.J~'llllu&i~IU""~iJL~1""Ul~'lJ8~""U1Emtl L~vt ,xi111J1'l (1t'Il~1t11vi'V~, ~L Uti V ~,~MLLiI :::il'll~::: 11'Y15 illYi 

«,t.> c1''lJ1V'J~!i'i8~li~lJv1.J~1t1~1vi'~1 L Utlf)1 'jLLti1L<I~ 'J \II11J1i11 (1'll~::: <I~ r\'1IV~ c1'~iJi11V1tI'j::: v::: I1i11~ 
""ulV~It1nl".,tllilltI.rqJqJl~8'lJlv 

«m l'11c1''lJ l fJUtluriJJ8f11'jH~1t1"~1J1Y1~iJ)Jn1.J".,,r~i1iJlJiJ1.J~lt1V~'~UVV m 'lJ1iI 
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• •• 

"'. c<: ~'111 tJ~::~'[n~I'nhmJ fmU?l15 ill \'1 ~OJlJtHl4111 bb?l \>1~1B n1 ~1'l1 ~11J b~!l1'Ill1Jn1~~n1!l1 b~ eJ1J~b~!l1i{~
\J ~ \J 'U 

~?l1J1'il'VI~11J1i~~1 tJ?I~ b B tJ i11'iBn1~1'll~l1J n11tJ1::Vl1Ji11\'111~~11J bb?l:: f11~Ul1~~n~n'ltJmru1mi'~l1Jmh~jj 
tJ1::i1'V15fll\'1 bb?l~tJ1::Vl1J111\'111~ ~11J 

1»0. '::tJ::l1m~lJtJ,::n1Jmln1'~i11~~ 
1»0.1» bi11tJ~'1I1mdilN~lJtJ,~n1JmllJb~tJVI1tJ'II !l~~?lf111~i11~~dJ1J1::tJ::l1?111lJ,j'!ltJn",i1 '" tJ 11uo\>1 

v q , "" 11 

'ill n'l1J'VI Vl1J1 tJ ~11J ill 1.'il1UlJ!lU~11J~'i11?1 i11'V11 tJ, 
",0.1v !ltJ mru~~VllJi11~~ i11 ~~111'VI 'lid tJ ~11J'il~~!l~ btJ1J~~ilIJ1ru'l'i~ btJ1J'1I!l~1VllJ~ 1J~hitJ,1J n111'IJ~l1JlJl 

ri!l1Jbl11 tJ fi'lll tJ 'il:: ~!l~ ~utJ ~:: t11J m llJ b~ tJ VII mb?l ~ f111 d'lI11f111'1h 1111U nl'l'l !l~e11Jb~!l~m 'illn n ,~~, bU1J~l1J'1I!l~. 
, 

, 
~'111 tJ~'1111111'J rufll\'1V1~,[)1'IJ'l?l1'lhj~\'1!l VI~!lf111tJ5mi~11JtJ1~n!lu~\>1i~llJ1~mill13il1J ~'111tJ~!l~~U~\>1f111 
i,[)lJ bb'lllJl m -df1111~~I'i~b~lJmtJl1J rn 'l1J uUI1\>1'inn'l1JffiMubb~~'illnVl1j'tJ~l1J Vllnl!M,i!llJbb'lllJl1J 

1:: tJ:: b 1m~ nlV11J i11 VI'li1 tJ~l1J?I ~11J11'V1il~'tJlmltJ~1Jb-dl~l b1J1Jf111bb'VI1Jr\>1tJ~'1I1V 'il:;~,[)~b tJ1JtHu ~ \>1'11!lU 

~,H~ltJ~~VllJi11~ bil\>1~1J 
",0 rn ~'1I1tJ'il ~~!l~HmllJ~~!J\>1~:;'l~l1Jf111tJjjmi~11J 1111 vini{bn\>1m lm~VVil tJ iii '[) 'VI 'll'l Elii1J'1I!l~ 'VI1~ 

11'11 m1Lb11:: btl n'll1J ~1lJ~~~ ::lJU?ll111~ ~tJlm'llIi1~ '1 mllJbll tJ1lf1tJ1\>1 '1 ~bn 1'I~1J e11J b~ OJ ~lJl \11 n n1 ~tJ5u~ ~11J 
11 11 ,.,...,.,. ....• 

'II,[)~ ~'1I1V ~'1I1V'il::ilI,[)~~U~\>1'11!lU b!l~'VI~VllJl'I 
v ~... ........ tI 


"''''. VI 11 mnru'i'lm~l'I'ill~rulfl\>1b?ltln'1lmi:l1JtI 

nWW\Il1 rulii'\>1biitln-dtl b?l1Jtll\>1Vl-dbnru.,j 11fl 1 

nlV11JmltJ11:: bBeJ\>1l'Jruii'n1!lru:ml\'1 1 ~'IIti ~Vl11 eJ\>1hi LED ll1w 

/ 
d f/..

11~'IIt1 .......................J................... ...... tJ ~::1l11Jm,lJ n1, 


.J ~ 
114'11t1 ....................................... .............. n"lJnl, 


(1JltJi:I~l1'V1il L?l1J1b~tJ~), 

11~~t1 ......~ ...... n"lJn1' 

(1JltJ?llJ\'1~'; bmum), 


