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~"''Um1rn1lJt1n~ B\1 'l-1~B 1lJmu~1'Ut?1111iB rn 'l-1~B ~'U~B fl?l1~u~~ m~~1rn~1'1 ~1 CJ15m~Vl1\IB ~~ flVl~B\in"'1lJ 
~ 

t1fl~B\Im11iB ~ ~~~1 flru~ m~11 n1~u~~ m~~1fl1'1~ 1lJ~u~'l1~ru1-ffm"''UB'1JB\Ieru~~"''~ri ~"''UB~1rn~1 CJ,r'U 
~ ~ 

~l'U~~~ ~ iJ'UiB~~'W~1~ 'l-1~B~~'l-1~\l ~ v;CJ\1~~ ntiBCJ 'l-1~B~~-wm~ 1 u~1n ~~B'U 1 '1l'1JB\I ~Bn"'1~u~~ m~~1f11~1\1~1CJ 
15m~Vl1\IB~~flVl~B\in~ 1 'U~1'U~:iJ1 '1i?t1~~~1fl'lJ ~\I.Q' ~O'W1~ 1 'Ufl'H11~~'11~ru1 ~ ~'U11~~ ~ iJ'Uu~~ 1CJ"IJ~~B?ImU'U 

" ~vhLJ''U 

b.rn "'mu'U"''~1'U~VJ51lJ~'l1~ru1~1rn'1lB\Ieru~~"''~ri'l~ ~"''UB~1rn1~CJ 1lJi1m~~ B'Uer'U 1 'U 
~ 

mru~\l~'i) 1 u-d 



- b -

(<9l) hhh1n!J~B~tJ1~?1\lfllil~b?I'Um1fl111CJt!'U 1'WDtiJ~~rubvn?l11tJ1~mm1fl1~1\l~1CJ 
15m1'Vl1\l~ b~ n'Vl1v'i1 n~VI~B 1 'UVI~ mi1'Um1rubvn?I11U1~ mV~11fl1~1\l~1CJ15 m1'Vl1\l~ b~ n'Vl1B'i1 n~'1JB\l?ltnu'U ... 

(~) b?I'U eJ 11 CJ~ ~ b~ CJV~ bb(;) n 1'11\l 1 tJ~iJ 1 m~B'U 1 '1J~ n1VI'U V~1 'U beJ n?111tJ 1~ m V~11fl1~1\l~1 CJ 

15m1'Vl1\l~ b~ n'Vl1v'i1n~~ b tl'U?111~~1rl'ru VI~B ije.J~vh 1 ~bnV~m1:w 1~ b tJ~ CJu b~ CJ b tJ~CJ'U1~VIl1\lertJ1~?1\lfllil~ b?I'UB 
d 

11fl111CJB'U 
"' ~ 

t>.~ 1 'U m11ilV~~'U m1tJ1~ mV~11fl1~1\l~1 CJ15m1'Vl1\l~ b~ n'Vl1B'i1 n~ VI~B 1 'Un11'Yi'1~t~Jt~J1 

flru~ m1:w m1tJ1~mV~11m VI~B?Imu'Uij~Y151 ~ertJ1~?1\lfllil~ L?I'UB11fl1:ffbblil..:J.rrm Yilil lil~\l ?l.n1~ ~1'\J~ VI~B 
~ ... 

.rrm Yllillil~\l~'U 1V~~ b~ CJ1.rrv\l nuertJ 1~?1\lflliJ ~ b?I'Uv11fl11~ ?lmu'Uij~Y15~1i1~ hHu11 fl1 Vl~v hJvh~ru ru1 V11n 
~ "' ... 

Vl~n~1'U~\ln~11 hJijm1:Wb VI:W1~?1:WVI~B hJ11n(1)v\l ... ~ 

b.ct ?ltl1U'UY11\l 1l~\l~Y15~1i1~ hJru11fl1~1?1VI Vl~eJ11fl1VI~\l11fl11V~VI~eJ11fl1~ b?I'UeJ~\lVI:IJVI 
' 

n1~ bb~~eJ11iJYilil11ru1b~ vn~1\l 1 'U"iJ1'U1'U Vl~eJ'1J'U1VI Vl~eJbU~1~11CJn11VI~\l11CJn111V~ VI~BB11illil~CJ m~ nn11 

tJ1~mV~11fl1~1\l~1 CJ15m1Y11 \l~ b~ nY11v'i1 n?ILV~CJ 1:W'W1i111ru1~ V~~1\lb~ CJ n1~?1V~bbl'ilil~'W lil11ru1 ~".Q b ~ vtJ1~ 1CJ'1l'l1 
' 

'1JeJ\lY11\l?ltnU'Ub tl'U~1rl ru bb~ ~ 1 ~~ Bl1n111il VI~'U'1JB\l?l mu'U b tJ 'Ub~ VI'1J1VI er tJ 1~ ?I \l fllil ~ b?I'U v 11 fl!VI~ v erij ~Y15b?I'U v ... ~ ~ 

11fl11il~b~ CJn~v\lrl1b~ CJVI1CJ 1V~ 1 in~ 11:W~\l?lmU'U lil~Yilil11ru1CJ m~ n m1tJ1~ mm1fl1~ 1\l~1 CJ15 n11Y11\l 

~ b~ nY11eJ'iJ n~ bb~~~\l 1 Yl'ljerij~Y15 b?I'UV11fl1 b tJ'Uer~ \l\l1'U hJl11il~ b tJ'Uerij~Y15 b?I'UeJ11fl1~1~r'U n11rlVI b~ eJnVI~ eJ 
~ ~ ~ 

1:!J nm:w Vl1nij bill(;)~ b~eJ 1~l1 n11b?I'UV11fl1m~'Yhn11 1V~CJ 1:!J?IIiJ~(;) b -d'U n11b?I'Um1fl1eJ'Ub tl'Ub YlliJVI~eJ 1-rr~v'\Jflfl~ 
' ' ' 

o11:WV~1VI~ v'i'i ~ u flfl~~'U:W1 b?I'U B11 fl1 bb Yl'U b tJ 'U (9) 'U 
' 

1 'U mru~ erij ~Y15 b?I'U eJ11fl111 CJ~ b?I'U eJ11fl1~ 1?1 VI b?I'UeJ11 fl1~ 11il'Ufl1VIVI:IJ1CJ 1~ l1 1:!J eJ11il 
~ ' 

~1b 'iJ'U\l1'U(;)1:1J~ ruru1 M flru~m1:Wn11U1~mm1fl1VI~eJ?ItnU'Uiil~ 1 ~ erij ~Y15 b?I'UeJ11fl1t!'U:ff bb lil\lbb~~ bb?IVI\lVI~ n~1'U~ 
9,1" 'V ..... 

vh 1 ~b ~B 1~11erij~Y16 b?I'UB11fl1?11:W1111~ 1b 'iJ'U'l1'U(;)1:Wm1tJ1~mm1m~ 1\l~1CJ15 n11Y11\l~ b~ nY11v'i1 n?l1 ~b?l~lil 
~ 

?1:wu1ru V11nr11:ffbb li)\j 1:Wb tl'U~ru-vl" 1~ ?lmu'Uij~Y15~1i1~ 1:Wrm1m'1Jmerij~Y15b?I'UeJ11fl111CJt!'U 
~ ~ 

t>.t> 1 'U n 1ru ~ tJ 11 n!J.rr v b Vi lil lil~ \l.n 1 CJVI~" lil 1 n n1 1tJ 1~ n1 V~11 fl1 ~ 1\l~ 1 CJ15 n1 1Y11" 

~ b~ nY11eJ'iJn~l1 ertJ 1~?1 \l fllil ~ b?I'U B11 fl1~1~ru n11rlVI b~ eJ n b tJ'Uerij~Y15 b?I'U B11fl1~ij e.J ~tJ 1~ 1CJ'1J't1~1:1J tl'U tl'U 
~ ~ 

er~'Vl5 b?I'UeJ11fl111CJ~'U Vl~eJ b tJ 'Uerij e.J ~ tJ 1~ 1CJ'1Jt1 ~1:1J tl'U 1 ~VIl1\l erij ~Y15 b?I'U eJ11 fl1 tl'U rn ~'U ~ n11(;) ~ 1VI n ~ 1\l 
\1 'V 'U \1 

~b~nY11B'i1n61 ru 1'WtJ1~mP1tJ1~mV~11fl1~1\l~1CJ15m1Y11\l~b~nY11B'i1n~ Vl~mtJ'Uerij~Y15b?I'Um1fl1~m~vhm1 
~ 

eJ'U b tJ 'U n11oU V1'1J11\l n11 bb -d \loU'U 11 fl1B ~ 1 \l b tJ 'U511:1J(;) 1:w.rr eJ <9l . ~ ?I mu 'Uij eJ 1'\J 11il~ liJ ~(;]VI 11 CJ~ eJ erij ~Y15 b?I'U eJ 11fl1 
~ 

~"n~11 bb~~?lmu'Uiil~Yilil11ru1~" 1 YJ'Ijerij~Y15 b?I'UB11fl111CJt!'Ub tJ'Uer~""1'U 
~ ~ 

o ov II 

~. n11Y116HUru1"il1\l ...... 
~'1l'U~m1tJ1~mV~11fl1~1\l~1CJi5m1Y11\l~b~nY11mJn61 (~ru~1\l) lil~~v'lvh "'t~Jt~J1~1\l\Jl1:W 

bb'U'U~ruru1 ~\l1~u1'U.rrv <9l.ct nu?lmu'UmCJ1'U <9lo l'U '\Ju()V~Iil1n1'W~1~rubb~\lbtl'Um!'l~B bb~~lil~ ~B\!11\l ... ... ' 
VI~ ntJ 1~ tl'U~ru ru1 b tl'U"il1'U1'U b~'U b vh ti'u ~B CJ~~~1 (ct%) '1JB\l11fl 1Fh~ 1\l~tJ1~mm1fl1~1\l~1 CJ15m1Y11\l 

" "' 
~b~ nY11B'i1n?l1~ 1 ~?lmu'UEjV~~B 1-rt 'U'1Jru~vh~t~Jt~J11V~CJ 1-rrVI~ ntJ1~tl'UB~1\lVI~\lB~1\l 1V~ ~'ll'iv 1 u-d' 

lnl.<9l b~'U?IVI 

~n~.~ b~fl~o'U1fl11~\l~1CJ 1 ~bbn "?lmu'W1~mb~~-w~'U1-«'U~"" (B\lflm1:wVI1'1l'U)" 1V~v 
~ 

b tl'Ub ~fl~\ll'U~~vi'1~ t~Jt~J1VI~v nv'UVI'U1tf'U 1:W bn'U rn l'U'Vh n11'1J v\lY11\l 11'11 m 1 

~n~.rn VIU\l~eJ~1U1~tl'U'1JeJ\lo'U1fl11.fl1EJ 1 'UU1~ b YlPl m:w bb 'U'UVIU\l~eJ~1tJ1~ tl'U~\l1~'\J 1 'U 
' 

.rrv <9l.b(~) 



- ~ -

~. ~ 'lt1iJ.:J~e:J ~1th~ n\.1-u e:J'I'U ~,j'Vl L~'U ~ 'IVl'U 'l-1~tl'U ~,j'Vl L~'UVl'U'\-1~ nVl-r~ ~~1~-r'U e:J'U fll1\i1 , , , o~ 

1 ~tJ~~ ne:J'Uth n1~ L~'UVl'U L ~tl n1~~1ru"U~ Lb~~tJ~~ ne:J'U5~n'l ~1t.h~ tl'U \i111JU~~ n1Pl'Ue:J'I5'U1f11~ bb '\A.:~tJ~~ L VlP11 Vl tJ 
' ' ~.:~1~bL~'I~m1tJ'U 1 ~~1'U~1'Un1~1'11'1 '1 Vl~1'ULL~1L~tJtl'U L~lJ 1m offli111J Lb'U'U'I-1i1'1~ e:J~1tJ~~n'Uvl'I~~'U 1 'Uoffe:J ®.b(lv) 

I ' ' 

~.cr ~'U5U\i1~r\iu1~ 1 VltJ 
"" 

'1-1~ ntJ~~n'U1f'l~~'U 1 ~ 1~tJ hJii~t~nb'dwl1tJ1 'U ®ct 1'Ui!u~~'l1ni''U~r1~ruru1.W'U'l1n 'IJ ........ 

1J' OJ v II 1.1 

-ut~~ n~'U\i111J~ '1! qJ1'11'1 bbm 

I tJ I ~ 

~. fl1~1.:JLb6'l~nT'a~1tlb'I'U 

~mU'U'l~~1m~'Url1~1'11~Lbri~ru~1'1bU'U'I1~ "il1'U1'U'I1~~11J~'I~'U t> .:11~ 1~mLI'i~~'l1~ 
'IJ 

tl • cv v OJ 1.1 v~ 
\i1 e:J'Ie.J 1'U m~m1 '1 ~u '11 nfl ru~ n ~~lJ m~\i1~1 '1 ~u-u e:J'I~ tn'U'ULLm ~'I'U 

'11~'11'U~ (9) LU'UL~'U~e:JtJ~~ ct -ut~.:~r11~1'1b'l-1mm1J~\i1n~.:~vh~ruru1~1'~ '1~~1tJ1~b~t~~ru 
.... .... 'IJ 

~1.:~1~vhm~rie:J~~1'1 vl'.:~1f 
®.® '11'U~mm'U~.:~tJ~n~~1'1 

'IJ 

" ... ... 
- '11'U~tltltl'Utl1f11~ ~ '1-1~'1 

" ... .. 
- '11'U~tltltl'Utl1f11~'UV1~~Pln1~ 

- '11'U~e:Jtle:J'UI'i''U 1~"il1~tl'I~Vltl'l 
- '11'U~e:Jtlt~'U'li'1JtJ~~~1J1m~1J (~tJ~11Jb'\-1~tJ1J~Vle:J'I "il1'U1'U ct 'IJ~) 

' 'IJ ' 

- '11'U~tltltl'U 1 ~'ltl'UtJ1'1~1~1 
- '11'U~e:Jtlt~'Ui1J,!.:~~n~e:J'U (~tJV1~'11'1~) 

' 'IJ " ' 
- '11'U~e:Jtlt~'U'li'1Ji!.:~~n~e:J'U (P11m) 

' " d 1.1 1.1 v 
- '11'U~e:Jtle:J'U,1JV11'1~1'1-1~n 

' 
®.lv '11'U~'U'U~bb~~'I1'U~'Utl1J 

' ' " 
- '11'U~'U"U~~1mA~e:J'I~m (~~~bn'U'U1) 

' 
- '11'U~'Utl1J'U~er~~1mA~e:J'I~m (bi1'U~'U\i1mbl'i.:~.niJVi'P1'11) 

'IJ 

®.m .:~1'Ue.JiJ.:~1~tJm~'U~'U~'U'IJ'U 1~ 
'IJ 

- .:~1'U~~~.:~1~tJm~'U~'U~'UU'U 1~ 
'IJ 

1 ~bb~1b~~'l.f11tJ 1 'U lvo l'U iJ'U~'IbLI'il'U~'I'U11J 1 'U~qjqj1 

'11~'11'U~ 1v bU'Ub~'U~e:JtJ~~ \vo 'lJe:J'Irl1~1'1b'\-11J1\i111J~\i1n~.:~vh~run'1~1'1 '1~~1tJ1~L~e:J~-ru 
.... ·~ 'IJ 

~1.:~1~vhm~rit~~~1.:~ vl'.:~1f 
lv.® '11'U~'U'lJ~ bb~~'I1'Utl1J~'U 

' 
- '11'U'I-1~1J\i1'U~1mb~~tl1Jn~u 

' "" 
lv .lv '11'UV11'1 L~'Ub VJ1tJm~vl'u~~e:J1Jl~~tJ~'U 

''IJ 

lv.lv .® Vl1'1L~'UtJm~vi'u 
I 1J' c:::!l OJ I 

- b~1\i1 tl1Jtl~~tl1J L VlA e:J'Um\i1Vl'U \i1'U b~1\i1 tllJ eJ 
"" 

.<:::Ito ::: W: I 

- '11'U\i1~\i1'1A1'Ub'l-1~nn~e:J'I 

.Q t W: I 

- '11'U\i1~\i1'1\i1'1L'I-1~nn~e:J'I 

lv.lv.lv '1J1'U~n (9) ('1J1'U~mtJ m b'l-1~tJ1J) 
'IJ 

I 0 W: IJ ..:::.1 CV I 

- b~1\i1tl1Jtl~1L ~'1 ~~tllJb V1Ae:J'Um\i1Vl'U\i1'Ub~1\i1tl1Jtl 
"' 

.::::tt. t W: I 

- '11'U\i1~\i1'1A1'Ub'lt1~nn~e:J'I 



l.Mtlll.t'~U~III. 1&-~le!l L~lll.n.~n,ttL!l-~LlA.r\U -
" " n. 

rt~~1~ln~rtnLt--
" n. 

(rt~~ll\.1 ;JJ rtW~fbLQ.) G) u~nLJl. w·~·w 

~rtlll.t',\{\U~III. 1&-~le!l L~lll.n.,\{\fb_ctL[l.~LlA.fbLt' -
" " n. 

rt~~1~ln~rtnLt--
" n. 

(rt~~ll\.1 W rtW~fbLQ.) ~ U~fbLQ. G)·~·w 

~rtlll.t'~U~III. 1&-~le!l L~lll.n.,\{\fb_ctL[l.~LlA.fbLt' -
" " n. 

rt~~ 1~t n~rtnLt--
" 

n.. 
n~rt~~~rtGkM.n.~~w ~L);I, m~1t-LlA.fbLt-~·w 
" 

t}t'~ t'Lk~G~~LUL.\A~lt'L~ 
" 

n.k~Gp1~ 1 ~L~~~ t'L~LfUfU~L.\AN~U~~rtL~Lrtlll. 1&-L~L~t'GQ. ow ~~~Gkfbt1nf;} 1 ""w"~,..,..h>.,........Lt'"~"'['"<"t' 

Lmm~ntrtLm~n~~11t-~n.,r. n~ ~c. nt~Ll!~~~1l~11~t 
" n. n. 

t'G~UU~111.1~lfb,CbfbGfbU~ t'~U~U~III.1t'~le!lt'~~~nLt--
" " 

t'G~UU~111.1~lfb,Cb['t11t'~~~f1,Lt' -
" 

t'~n.1~~lL~ n.~~1U:lrt~Ufb~1U~111.1t'~~~nLt--
~ p~ 1'1~ ~~ 

t'G~UU~III.1n.Lle!t'~~~n,L&--
I ~ ~ 'CO 

GrtG~L~mL~n.lA.~WfbGle!lA. 1rtG~M. ~~ 1L~GrtG~L~1 - I ftl 1=7 t1 ~ 0 I 

t'G~UU~111.1n.Lle!t'~~~f1,Lt'-
I ~ ~ 'b 

GrtG~L~mL~n.lA.~WfbGle!lA. 1rtG~M.~~ 1L~GrtG~L~1 - I ntpo 11 ~01 

G) fbLM.~~ ~·G)·G) 

t'~n.1~~lL~ n.~~1U:lrt~Ufb~1U~III.1t'~~~f1,Lt'-
po poe. 1'1~ ~'10' 

t'G~UU~111.1nLle!t'~~~nLt--
I ~ ~ 'b 

GrtG~L~mL~n.lA.~WfbGle!lA. 1rtG~M. ~~ 1L~GrtG~L~1 - I l'b p 1'1 p 0 I 

~ fbLM.~~ ;JJ'G)'G) 

t'G~UU~II\.1&-~t'~~~nLt-- I ~ ~ 'b 

t'G~UU~111.1nLle!t'~~~n,L&--
I p ~ 'b 

GrtG~L~mL~n.lA.~WfbGle!lA. 1rtG~M. ~~ 1L~GrtG~L~1 - I 11) p 1'1 p 0 I 

n. 
(rt~~ll\.1 ;!> rtW~fbLQ.) G) U~fbLQ. W'G)'G) 

t'G~UU~111.1t'~t'~~~f1,Lt'-
I ~ ~ 'b 



- ~ -

rn.® .~ ~~vnu <9) 

- '11'Utl~'U1~LVim.J 
'IJ 

- '11'U'V11~tl1ir'UVi''U'VIii'11f1'j.:Jb'VI~n~'I'VIl.l~ 
rn .®.ct ~~'V'l1'U ® 

- '11'Utl~'U1~bVi£Jl.J 
'IJ 

- '11'U'V11~tl1ir'UVi''U'VIii'11m'lb VI~ n~'I'VIl.l~ 
.., 

.. ~ 0 

rn.® .b 'j~b'U£J'I~B£J'jl.J'U1 

- '11'Utl~'U 1~LVi£Jl.l 'V11'1b~'U bb~~u'U 1~ 
'IJ 

- '11'U'V11~tl1ir'UVi''U'VIii'11f1'j.:Jb Vl~n~'I'VIl.l~ 
1~bb~lb~~~m£J1'U ~o 'J'U U'\J~'Ibbl'i1'U~'I'U1l.l1'U~qjty1 

'll~'11'U~ ~ btl'Ub~'U~B£!~~ ®O 'lJB'IFh~1'1b'VIl.J1ml.J~I'ln~'IVh~tyqj1~1'1 ~~~1£J1~b~B~1''U 
~1'11~vhm'jnm1~1'1 vi''l{f 

~.<9) '11'Utl1''1Jtl'j.:J'V11'~b~'Ubvh , 
- '11'Ub'Vlr1B'Un~l'l (~'U) 

- '11'UnBB\i U1'Utl'U'lJB'\J.rr1'1'V11'1b~'UbVl1 
"' 'IJ 

q ~ ~ Q 11 

- '11'Uf1B'Uml'l'V'll.l'V'lm£J'V11'1b~'Ub'V11 

~.l!:J '11'UU'U1~'V11'1b.rr1 (SECONDARY ENTRANCE) 
q IJ' cu Q 

- '11'Ub'Vlr1B'Uml'l '\f'l'jBl.J'lJ~t:-Jl'VI£!1'\.J 

~. rn '11'U'j~'IJ'U 1 'Wvh 

- '11'Ub~'U~1ml.l'U MOB 

~-~ '11'U~~~Bf1'jnru6Vl 'j~'\J'\J 1-wvh , 
- '11'U~~~'I~bl.l'U MOB 'V'l~Bl.!Btlmru 

'IJ , 

1~bb~lb~~~m£J1'U ~ct 'J'U u'\J~'Ibbt'i1'U~'I'U1l.l1'U~ruru1 ... ... 

'll~'I1'U~ ct btl'Ub~'U~B£J~~ ®ct 'lJB'I~1~1'1b'VIl.J1ml.l~l'ln~'IVll~ruru1~1'1 ~~~1£J1~L~B~1''U ... ... 'IJ 

~1'11~vhm'jnB~~1'1 vi''l{f 

ct.® '11'U'j~'\J'\J 1 -w.Yh 
- '11'U~~~'I1r1l.J bl.!Vl~ 1 'W~'U1l.J 

.., 
- '11'U~~(1)'1~1£J NYY l!:Jc x ®.ct sq.mm. 'V'l~Bl.lvlB HOPE 

ct.® '11'U~~~Bf1'jnru6Vl 'j~'\J'\J 1 'W~1 , 
- '11'U~~~'~L~11 -wM'It:~'U'ULVI~nn~l11 'Uvlb~£Jl'V'l~Bl.!Btlmru'1!~~l'~1r1l.J , , 
- '11'U~~~'~ L~11 "WM.:!t:~'U'ULVI~nnm11 'Uvlb~£Jl'Vl'j.:J m'I'V'l~Bl.!Btlmru'1!~~l'l1r1l.l , , 
- '11'U~~~'I~VI~~ '\f'l~Bl.!Btlmru 

'IJ , 

1~bL~1b61~~m£J1'U ®®ct 'J'U u'\J~'Ibbt'i1'U~'I'U1l.l1'U~qjqj1 

'll~'11'U~ '9:> Ltl'UL~'U~B£J~~ !Do 'lJB'I~1~1'1L'VIl.l1ml.l~l'ln~'IVh~ruru1~1'1 ~~~1£J1~L~B~1''U 
... ... 'IJ 

~1'11~vl1n1'jflB~~1'1 vl'l{f .., 
b.® '11'U~~6SBr11Ilru~ 'j~'\J'\J Fiberoptic Type Singer Mode 



- (9)0 -

- ~1'U~~~~1~'U'U Fiberoptic'W~mJ~tJmru 
- ~1'U~~~~~tJmrum~'OJ1CJ«qJqJ1ru (switch) 

- ~tJmrum~'OJ1CJ«qJqJ1ru H611CJ (Ap) 

b.l.v ~1'U'V1~61eJ'U1~'U'U 

- 1~'U'U 1 ~oW1~~VIl.J~ 
- 1~'U'UFiberoptic~~VIl.J~ 
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