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t/c, ±§E£=IS!PglC£tt£^fiP 2tt, 5 0-1 2 0 g/cm2©iitt 

^^mit L^N0 sffiyjpx^^^iiiH-r^d^-ejpx®©^®®^£<s 
< $fiz.&Z£b RI t^C&£0 

t/c, P 1 / P 2 = 3 . LIN0 dtUci^T, API 

5iiS©[p]±lcijp^TMJiJPxm©€*I^ <h &Rlffi£teZ>o 

[0044] t/c. JPX^^A^±IBA^ (iipi) izmzm-WLmnffimmmm ( 
ftl^k) 0. 5~15g/(cm2 • sec) £ T& Z £ if til ̂  lAN0 k ^0. 5g/(cm2 

• sec)<fcy/jN^iN (Epjp5iiS^®iN) \&^motMmtifm-ix& 
$ib?>mtifm*%tz>ztizt^), wmmtitf&ittzvxbiz. 

L<^l/No —Jjs -fkl$ k ^15g/(cm2 • sec)i; y ̂ $IN (EPJPTHIS^^N) jf-g-

, x^x&mznbxmmzM^n^ifBm^n^tcisbs 5PS^#LT 
mmi^^iTLfcy. # ̂ xswtyti-r Lt/cyt&Q 
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[0045] t/c, ±§E£-!S!PglC£tt£^fiP 1 t 1 0 

~6oIANQ t i#i x^x 

—Jjs t 1 ^6 0 0#cJ:yil\^:N %£l*Xt ? y L'PT < & lJ. i± 

± y CDi^®#3® < & 3 ?S3o 

t/c, Bj& (ilPI) 

p2izmt&c&3.ij(Dmm&. O~9O#©IBHtt&ztmi 

B c^©0#^ 1 o#<£ yJSIN j; ySte¥ii 

Jttf^bT£RTt&l£tf&£o BCf»f|A<9Oi0>J:yS<^t 

PI (m-m%) ^bP2 (iB-ispg) ^^^ *^§yizwrn 
£ tiZtctbWlM® =1 > K • —Jl/tfft Kftofcy, }%^x<7 =7 V L 

xtt±y 

[0046] t/c, ±§Ef^l£Pmc£tt£^fiP 2-eMJJPX^tT9 0t^t 2tt, 3 0# 

£l±<h-t£d<h;6^?£ IA\, ^fip 2(CT-^M^JPXL^^«h^fiP 1 T? 

ffML/c;f^:Ixy Sft1\ ttltfXt ? v TtLXmZ&tltf&Zo t 2<D 

±mz. 5ffiyjpxMii"e©tt±^y n°M#£#ji UTiSi:^^ti&0 

&fc\ t 1 <t 2£tZ£s f±±^ y ©11$ t'S c ̂  5 0t 

ts-t. IA\, 
[0047] t/c, *fgBJ^C£lN-ctt, »3. 

0-9. 0 Atm/tfCDiBH-e&y, 

ci^^Rrfg-efeSo &fc\ ±§EMJJpxMii^(cfcMf3jpx3IS«h^ £ 

5Ff»^£^PI0^ (fg-|£Pg£fg=l£Pg£#fr) TtLfcffi©:^5 

9o 

[0048] t/c, *fgBJ^c£lN-ctt, ±IE^y tfV 2 0-4 

1 0 - 5 0 jLt m T?s> 3 d £ i? £ L INQ ±§3*4 ̂  ̂  > K?Pi©¥^ 

$m $> Z IN M >5? ±§E £ T 0 £ <h Is® 1* ff => X Ste (C 2t1" 3 tj y & 

&y L^IN0 —^ ±=E^y > 
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±§E£±H]£ t{±±y ©11$ ifm< 

& fc\ tu (c t iftBE u /c ̂  & y, d d x yy -v ^ > K m tu §E;IIII 
5o 

t/c, ^ 

~ 5 ix m Xfc>%> Z tifitS-3. IAN0 

[0049] j&fe\ u-Hf-0^)i(ci;y}iy^$ti 

1 0 0%^; LTmkti 
tct^, ^(ommti- y if so %tt^&mm (J^T. r 
(50%® j tw,$0 ) ^i?o *f%mzsvx. (50 

•SliST'S) 5o 

[0050] *fgBJ^C£lNT. at 

(iR a-e0.001~0.01 Mm-eS)3o t/c, ^BE(Cfc^NT, ilEH-ISP^itT 
^©^f^7vSte©ll®II$ (is ffifaR a T'0.100—0.150yu, rc\ (DWiMX fo Z>0 

znz>ztiz^ y, ^< m-m^owmwutf^mz^t) 
tl£>o 

ztcs ±fd,m-®mmms 
(CM LT(ifu(c|ftBE LtctftV XfoZ>a 

[0051] £i±f£BEu/ci:9^ m 
m-®m<Dft fi<fcy 
^-oX^mow^Mn^M^^ z: ^ tcy. tu^©MJiJDX-e$^iN0# 

ztcs m-®mtm-
rn^t^Mt^-(Dmrn^m^x^mLxfi?ztifx 
^&(DX\ £.m&%±tfzzttf'pimx$>z>o t/c, jpi&jt^^ $-rtc 
, LfrtJpx®©il®fl$£€<$Pz.ZZt&Rimtte''Js m©Xl©JPX 

[0052] t/c, *fgBJ^c£tt&MJiPlMiI£^±fftBE Ufc<fc 9 
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m t iz j: o T*T 9 ±^«y t "ramy t vtai3Ut©^£ i; & <fc 9 
(C L, 7 x Ste CD X X® (U tfflP I5£jg © ® IN ^ -eiJD X ̂  
tizjiviztzzt tf'j&WV&Z o 
$<^C, 2^©|SPieb(C^MfTMJJPX'T3iI^^ Uyfc?£L< 

& n ~ isPg © ̂  T? t it t) y © ̂ ) (c a IN •r # ̂  x Ste © x x® $ ti ̂  

<£9izTzt&\,\ ^0E"e(i±T^-ejpx3SS(c^^^^TiN^/cto, 

£-|fcPg&£©j!]PI$Oj(0©IS!Pg-Ctf;7Xgt&©XX®££TIXy Lt 

9 £, ^i^®©9 < &y, 5ffiyjpxMiiti©ffi$ 

i^®-es&£ii^!±!T < ztctb-efozo 

[0053] (©5^'ffl) tt, 7f^77 

X©7>'U$y^lJ^-- htf^X^t" £££#$?£ IA\, c©J:?^S7Xl 

&^i® %Wimmt&ztiz^v^m& ̂ ® tc<±± if& d ^ #-c $, t /c 
flpi&©3iuttf&$?-c£>£o htf^x<h LT& 
, S i 02 ^iM^LTA l203 ^2 0fif%Wm^7Xif)^ 

£IAN0 $£>(C, S i 02^I^^LTA l203£1 5 fim%^T#frtf^X 

£-T££<fcy$?3i IA\, S i 02^6 2fii%J^±7 5fii%Jil 

T, A l203 £5fifi%£Lt1 5fim%^T. L i2 0£4fifi%£Lt1 Ofi 

fi%J^"F, N a 20 £ 4 fifi%£Lt 1 2 fi*%£lT, Zr02 ^5. 5 fim% 

i^_t 1 5fim%^T. LT^mt&ttblZ, N a20/Z r02©I 

fitbtfO. 5£l±2. OJ2TF, Al2 03 /Zr02 ©fiiMO. 4£Lt2 

. 5£l"F-efeS U >I^b^;&#t^lN7^>/U7 7X07^$ 7 *> U >T— htf 

[0054] £/c, ItiH£tf^X<h LT^i, mt£, ^Jl,%m^lZT, S i 0 25 0 ~ 

75%, A I 203^0~5%, B a O ^ 0 ~ 2 %, L i 2 0 £ 0 ~ 3 %, Zn 

0£0~5%, Na2OfcsJ:tfK2O^It-e3~1 5%, M g 0, C a 0, 

S rOfc^tfBaO^IfTI 4-3 5%, Zr02, T i 02, La 203, 

Y2 03. Y b 2 0 3, T a 2 0 5, N b 2 0 5fc<fctf H f 0 2£^f+-C 2 ~ 9 %, 

"EJlbt [ (MgO + CaO) / (MgO + CaO + S rO + BaO) 
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] tfo. 8 5-1 mntS-eSUs M^Mb [A I 2 03/ (MgO + CaO 

) ] #0-0. 3 

l£fcs S i 02^5 6-7 5 Jl/%s A I 2 0 3 ^ 1 — 9 ^E)ls%s L i 2 0% N 

a 2 o £ <£ K 2 o e> & £ zmutiz rjutiu Q ~ 
1 5fiH MgO, CaOfccfctfS r 0 fabfrbmttlb 7 )Vtl') 

±IS#MItM^^I+-ei 0~3 0fjH Z r 0 2% T i 0 2% Y203, L 

a 203> G d 2 0 3% N b 20 5£<fctfT a 2 0 5fr 

£-&f+'C0%&fro 1 0^JU%l^Ts 

*f£Bmz£^Ts I 2O30^Mtf1 5fifi%J^T 

IA\ A i 2o3®tti^5 ̂  

i>$?s Li/^o 

[0055] mmwwzm&tcisbQm.mjt 
*fSBE£<fc£>MJ}]P 

LtcZtlZ£Vs ¥Jat©&&&St5£?#a CI £tc 

ZO&TbPimtteZtcto. m(DMMJfmJPXX^-e(D 
'> ft < T }%frs JP x fk^ iffeM $ tis JP x n x h © B!l ;$ tf RTfg (c & 3 0 

[0056] UTtt, !£« U £ A^pzi u4 #)\,*/ <J *#© 

iii{bi©»^ttt§x7y- (fra>$) tf>jo 

/c<hA.^i^b-tru 2u/cti 
(IHTOJPI) . $<Q(C=Ip-r'j(^® 

w®) (H2TOJPI) iCcfcoT^sd^^Rrfg-efe^o 

[0057] 7kf£n%lZ&\,^Ttes 

SRatfO. 2 n mfeTF. U<&0. 1 3 nmJ5CF"efc5^®i: 

$tl£ £ t lA\ &fc\ ^§B£UC£l\T R a, Rmax^l\^$li 

. 0*liyt*§ (J IS) B 0 6 0 1C¥ftLtSl±l$tlSlI$©c^^ 

3 o 

t/c, l^Rmax, J|^£]#l£ 
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Ra) u, (AFM) vmfeLfcttzizmbnzmmm® 
AFM©)i^ij^ti% 5 iU-rn 

X 5 M m®|5H"eS)'2)o 

[0058] miwmMJims mzw^MJimiz, 

tc^«LUo 4t¥&4t%kW(D?5:&t LT^ 13 =7 *&&&$> 

-fx*ytzmk&ztm 
£IA\, 

si<h, X7z&fa*<Dfattmz'}\$tm*¥&<D-r)\,ti i)£mjbmt%-(* 
>55^ Us tf^xStecD^H^I^'f ^y^lkQjK^tzj7)l>ti U 

jg$i±, it¥ 

$Hfc JM$ ntc 13 =7 xSteiz\WtiX ^ £ (DZ\ mX tf •=E*U 
)t0H D D(C^®1-^0(C#(C$ft lA\, mm.tl'JO 
A^mnti- h u ^ uL < z. 
%>o 

&fc\ ±§E4b^iHbMIl(C$A$ft£0t£T\ 

iticc, 4b^M;MiICCJ;-3 

T Ste 0 J5 y fg£'1" 3 <h IN 9 ̂  £ £ I; 3 tc tsbX fo Z> o 

[0059] 

ixom i3^xmmt[z'±>t£ < ^ t eMuti^ n& 
o #ttJf<Z)*m£ lt(t C o C r P t 

^coPt ̂ n$i£^&£ffliN£d£tf-e$£0 LT 

') >?l£s MA-UDC^?^ hP>7>Ay^ 'J yfliizj: y 

xSte® ±£ j$0gr ̂ ^3 c £mmxfczo %tci3?x 

a® «t£jf £ (Dm iz, Ttm^irmt &z.tiz&v *»JIamfe? KV 
OMW5^W^</\y^ y(DlK^^&%mtZ)Z.£1fZ^Z>0 fflz.t£, Cr 
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d tiz& y, mTLumtmvmtn^ 
4 7>^®(C)0'^TIB[q]$'t±'2) d £1fT?1*Z>0 dCDi§n\ 

IESITJ ^(DWaM^r 4 X 9 tl&o 3-tcs ^Ux-tis R u^T i ^"afcA 

d £ (Ci; y, 

*£®0^lC*Ac>TSB[p]£-t±-£d£tf-C££o d©t§£\ 

Ti-teJiMttJimmizzjiyfvyiz 
J:yMt§dh#t^o 

[0060] ste* $rttJi©±ic, {^tsji, WMm%z(D\mz:ftMtz>££^o {£tiJi<h 
LrUT^A7 y X(DikMfcjfcMM&BStftff&Vfo&o Mx.&7°^X^C 
V D;£(c<£y{£!SJi£ffM1~£d<h#--e$£o t/c, )l>fJi<h LT(i. /*— 

yjistafrvjjL-TjMt^vMnvjkmiz-gm&z^TzmmMzm^z 
Z£tf-?^Z>o IXy#W\ LT7KI£S£3^C#f7l£A-7JU 

^Pitf'Jx —7LJMb'nJ$l££j$#£t"£d£#$?£ IA\, ItfiJi&xy v~f 

)i (c <fc y i~ 5dt^$50 

*fgBE (c j: o T ?# e> ti & 13 => x ste * *y m t z> d £ iz £ y, fs$itt© ® IM& 

< Tv ^ d <h #"£' $ 5o 

[0061] 2|s:^©mig©^lC^lNT^WlCsJiB^-ri>o & 

fc\ *fgB£ tt J*l~F©^Jfefly (C PS£$ tlZ> t ©T?ttftINo 

(^WJ1) 

OT© d) iteiiis, (2) mm mil, (3) ssswjixi, ( 

4 ) (5 ) (f§ 1 WJixD . (6) 

(7) (Sg2ffi£H) £ifciT*^«y©*$ 

[0062] (1 ) Ste¥ill 

7P- S&ICJ: y$^a$tl/cff$ 1 

£*tetf^X£3MlU mi5M<D'.^K£tZZ&?lZ<m>^> K2JV*-£ 

ffllNTi^lfrL/co K^ >> ^i6 5mm, 
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fil%"eilLT, 
S i 02 5 8-6 6%, A I 203 1 3- 1 9%, L i 20 3- 4. 5%, N 

a 20 6- 1 3 %s K20 0- 5 %s R20 1 0-1 8%, (fcfc'U R20 

= L i20 + Na20 + K20) 

MgO 0- 3. 5 %s C a 0 1 — 7 %s SrO 0- 2%, BaO 0-

2%, RO 2-10%, (fcfcU RO = MgO + CaO + S rO+BaO 

) 

T i 02 0- 2 %s Ce02 0- 2%, F e203 0- 2%, MnOO- 1 

%s (fcfcU T i 02+C e 02+F e 203+M n 0 = 0 . 0 1 -3%) ©II 

L/C o 

[0063] (2) 

, jpx^iteL/co —ASIC, 2 

. 5^>fiHDD (A-KfV^^K7^7l W6 5mm®I 

X ̂  ^ £ o 

[0064] (3) mmmjifc 
)X^X\ yMn(D7^isfflmj5i£lz.£t>Js 

(ftJWk ^Jl) <D^m*ffiM\stc0 

[0065] (4) 

tttt£>tl/c±T£Sg©P^Cdr^ 'J TlZAV&ftLfcX^Zgfo&izy h LT 

tT^-^/co ^y 17 > K A y K <h L T (is *ti£©^y -V^EV K*£^ 

T?tr h U 7 5"C KiS^$1±/c;|l^^®Sa"e®^LT®^Pi«h L/cg^£ 

L/c0 Z.Z.7:\ 2 5 M m% 

* © ̂ y "V ^ (D50) (i 2 . 5 M m t L /cQ t /c, )l)f 

xfo-itco t/c, iil®©ffi$£Mit^ffi$f+Tliy£L/c<hd3. Rat5n 
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m "£'£> -o tco 

[0066] 1 0~1 00 r p m U 15 "p 

^3(C^1-^-^->;UC^TEPJQL/CO 

s m-®m (imb) (PD £i 5 0g/cm2(ci^L/co t/c, 

(*flPI) (D^m (P2) £1 0 0g/cm2(cf££L/co 

$s^(i20rpm% T£IS[jI]$Ei£W:30rpm(C^tlzftlfx£ L/c0 ~£tcs i;Pili[^ ( 

V'y^T7) ®[°]$E^(i8rpm% faiifiif^ (-i y $ — ®[°]$E^(i3rpm 

tm'MLtco nom^om^ ±^ig<hSte©*@^iJtAH^ig<hSte©*@ 
o~2o%5£<&y. asm, ±£my©;WT£My<±:y t 

flPi5£Jttf5£< fit, 

<UlC[p]^T-by h U 

Ilfco 

& HI 3 (C & £ -fkl $ k (i 1 0 g / (cm2- sec) % t 1 (i 6 0 #% B 

1 5#\ t 2 t 1 <fc y 2 0 0#<h L/c0 

EPJP) (C|III^;1)*LT. 

[0067] d©5ffiiJJPXMiI(is 0 0^©JPX^tT^^/co flPI&CDtf 

^7vSte(C^l/NTs ^ v h^-Tv-^Tv^ — £rffllNTs ^HSCD 

)iy^^tT^/c0 ztcs 

(Ra) (OmfeZft^tco JPXti©^^XSte©¥ilS«h 

% ©iH (ARa) (Z))I1 (<-^j\U/c0 ^£<13% 

1 ©M&. Stel 0 0^©Wtl)i.o t/c, MJJPXMiietu©^^ 

XSte©¥iSJt©¥*^Lt&s 2. 5/imtfe9fco 

[0068] ( 5 ) (W, 1 WJiXl) 

&ic, ±^L/cMJipx"e^ Ltcm^mfrZ&ZT&tctfxDm ^ 
^®5JfIlSS(C£l\"'0£s K# 

as y e> n^±"FWJi^ffi©^ ic * * •; ;nc <t y &*# L tc is^x&mtk® 
wm±s z.(D*^> >j 7%±rnmM (y-y^y) (^y^-i-ju^ 
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7) tiz"tom. 

5Jfl! A y K 7>Ste©5ffJ^® tomLT0$E$d t 

lz£^Ts Jo^XSteT?g$E LftbyMi LT£|W]B#(cffiJ^flP 

i-t£t©-e&£0 JM*G<HC&, ^ u L-aiittf U ^ mn%feo 
is$y) *mi\ xizmk-bWJx* 

LT^L/c7K«h U 1 OOg/cm^Htlllfc, ±§Ef§ 

1 U $£'JtL/c0 

[0069] (6) it^itXI 

±IE^}f^itx./c^^xSte(c^^b^SteL/co 4b^iHbMil;b 

U K U Z.(0\b 

[0070] (7) (f§2ffijgH) 

^IN"C±IE(Z)|| 1 L/c t CD <h |W] D 

U^x-K) CDffiJ&Kv K(C|f;iTig2ffijgH£^ 

ffiL/co Cl©m2WJiXl^ ±$L/cf§ 1 

7^iiMl© ^ R a 10 . 2 n mgg 

OTOTSf &^®£<±±tf£;/c&©^®ffiJ^PlT&£0 LT(i=i 

• U ^fi1 OOg/cm^UT^iLfco ± 

§Ef§ 2 pl/ctf ̂  U $£'Jt L/c0 

[0071] t/c, ±.i3T.^mxmbntci3^xmm±mm(Dmm%^ikwi^mmi 
tSds (A F M) (CT)iy^ L/c<hZl5s R m a x = 1 . 53 nm, Ra = 0. 

1 3 n m A F M(M£X u 7&. 

5 ix m X 5 ix ^/c% ^(Djj ^XSteCDiHi^rJ^F1 PE^II^IS (A 

FM) ^wrc&y. 
^ RB & IE^ $ ti & /c o 

t/c, fe)tlfc^7^itS©Mli6 5mm, WI(i2 0mmN tSJIttO. 

6 3 5 mm Ufa -o tcQ 

d9 LTs ^^ffl/]7XSI^ffco 
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[0072] (bmm 1) 

h LT, MJiPl£^teL/c0 fit, Z.(DW&J 

1 LTlgf^^ffli)7XSI^Ifco 

[0073] Ub&flJ 2) 

±§E^«y 1 (DW&iJJPXMiltCfc^NT, ±T£Sg©JPl3lJt;Mn vtte 

z>£?s^u ̂ ^xSte©xx®^±^my(c^^T-tr>> KIT 

. MJJPX^^ffiL/co fit, d©5F»iMiIJ^£^«y 1 £|fUHlc 

[0074] mmm 2 ~ 5) 

±§B^wyi ©MJipxMsicaiNT, ±£My©jpi3iJt£^ti^ti5, 

10, 2 0, 3 0 %»<&£<*: 9 tcis^u f7XSI©7XS^±£Ii 

(C[q]tf Tlz v h LTs W&MJL^MLtco fit, d©MJiPlMiI^ 

1 £|fUHlc LTlgf^^ffli)7XSI^Ifco 

-tpB^^y©5Jf^iJllPIL'f^(Z)"7/^.Ste(<-"3T» 

(ARa) (C^L/c0 

[0075] [^1] 

^1 ^)"7XSlS(DXX®$-tzyh^" -S[°]# ¥±iJS(^m) ^Ra(/J m) 
T^MIIJ (±^MicfcLJ tiDlMW ̂) 2.3 0.009 

tb$5#Ji ±£»J (T5£MSiJ£LJ yniiMi^^) 3.4 0.021 
tb$^J2 ±$M#JJ (±T£M£>Ml*l^) 2.8 0.015 
iii2 ±£MliJ (T$M§JJckLJ &lnii£JiA*5%f£^) 2.2 0.008 
» ±£MU (TMi^J&fioxigjt^i o%m \) 2.0 0.005 

lifH ±5tMliJ (T^lJcW =yraii&t#20%f£l, *) 1.9 0.005 
l»|5 ±^MIJ (TSMiliJ^y &fiDli£jf^30%{£l \) 2.1 0.006 

[0076] ±§Eil1 

1 . Jpi5£Jt0®iNT:£ffi<!Hc:tf;7*St5©*X®£-fev K LTW^MJltk 

ucfc^NT^, 3jpim©St5OTJattf&$?-c£>£0 t/cSte 

<s 5Ffiytil©SteH$#^®T'fl&|W] L^c& 

£<*:9(Cjpi$tlT^£o ^»y 1 <h^«y2~5 £<DttR,frb. 
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LTXXM%±'Mmmz.1zy hlfc(5 9^ JPItt 

Ztltes 

JL-eJbZtctbs ttv *>* 

m%£*'jjPTi^ttmmLr^zt%x.<btiZo t•&*>*>. T^MKM 
ij/^ vm^mu^r <. mmu- KMTu^-nwn^ 
fo&tcSbs "raMy©Jpi3lJt£im< "T^il^-CflPitf^U TOJtM 

mM%^(D^tfimLtct^Xbtl^>o fit, JPX3lJt©^£ 1 0-2 0 

% <h t Z> z. t ?\ M i t ft £ d <h to£o 

2. dtucftu jpx3is©3i^±^my(c, ituxapi&jtcD&iNtf^* 

St&CD*X®£-fev h LTMJiPl^T^/ctbl^y 1 JPltt© 

s&OTJattf *nb u t/c, 

® m $ © m & * $ <. wjt # *nb L /c m a-e & ̂  tc 0 

t/c, ±T^(Z)JPX3IS(i^ni;(ClS^L/cJ;b$^y2(Cfc^NTt, JPXft 

©StetfWIJt^Illb U Ste^J^y^^L/co t/c, 

o ibix^y 2 tc & T (is i3^xmmxxmt$Fxxmt(Dj!}\\T.^(Di£t>< 
(D^lZ-Dfeif-otct^A. btlZ>o 

[0077] mmm 6 ~ 9) 
&ic, yy > K/^>> cum*) 

|±1LM(C^INT. ±T^M-e^^r^^TSte^M^L/co ±£MOT±H 

^$diLM5MmT-£^: U tfV 

£tfi 11^20^9 (C^b$1±/c0 ^$!±!LM&S K 

U XMil©0$t£^ A. £ d <h (C <£ T ft -o fc0 
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